re   ccxv 
;c    cc  vc  c 
C  cc  c  c 
C-   cc  <^^c 

c     cc  c 

c.      cc 

C    r  <rc*- 

C   .   ,^-^4& 
,  *  .  CCS 


CC^* 
C  ««32  cc 

-C-I^jC* 
■ca 

•C*U.: 

■  v< 


1^: 


if: 


:<Ci.C' 


ex"  • .  «<£'     ^-  ••■^■-' 


^^i  <'^^' 

^<-^ 


t-.^. 


^ 


5:C  <■' 


■  <  C  c 
c  c  c 


"<:ti 


c    c     c 

^.c:  c 

C    CCi    c 
C  CG     ^ 

r  cc    c 


^      c  r 


/>-»«.  T^H 


Jiihh'fhrti  AluJ  'Si.j^ffU  . 


THE 

PHILOSOPHICAL  MAGAZINE: 

COMPREHENDING 

THE  VARIOUS  BRANCHES  OF  SCIENCE, 

THE  LIBERAL  AND  FINE  ARTS, 
AGRICULTURE,  MANUFACTURES, 

AND 

COMMERCE. 


BY  ALEXANDER  TILLOCH, 

iiEMBER  OF  THE  LONDON  PHILOSOPHICAL  SOCIETY,  &©. 


"  N€c  aranearum  fane  texlus  ideo  melior,  quia  ex  fe  fila  gignunt.     Nee  noRex 
vilior  quia  ex  alienis  libamus  ut  apes."     Just.  Lips.  Morit.  Polit.  lib.  i.  «ap.  i. 


VOL.  V. 


LONDONe 


i 


PRINTED    BY    3.    DAVIS,    CHANCERY-LANE, 

For  Alexander  Tillqchj   and  fold  by  Meffrs.  Richardson, 

Cornhill;  Cadell  and  Davies,  Strand ;  Debrett,  Piccadilly  ; 

Murray  and  Highley,  No.  32,  Fleet-lireet  ;  Symonds, 

Paternofter-Row  ;  Bkll,  No.    148,  Oxford-ftreet  ; 

Vernor  and  Hood,  Poultry;  Harding,  No.  36, 

St .  James's-ftreet^  Westley,  No.  t  59,  Strand  ; 

J.  Remnant,  Hlgh-ftreet,  Bloomfliury  j 

\V.  RsMNANT,  Hamburgh  ;  and 

W.  QiLSiRT,  Dublin. 


QC 


c\. 


n';i^ 


^ 


CONTENTS 


OP  the: 


FIFTH     VOLUME. 


UB SERRATIONS  on  A?iimal  ElcBrlcity,  and  parikularty 
that  called  Spontaneous.    iJ^  J.  J.  Hemmer    Page  i^j^o 

On  the  Method  of  Di/Iilling  as  praiiifed  by  the  Natives  at 
Chatra  hi  Ramgnr',  and  other  Parts  of  India.  By  Archi- 
bald Keir,  Ejq.  -  -  -  y 

On  the  Method  e7?iplqyed  at  Fez  a?id  Tetua?i  to  prepare  thofe 
Goat  Skins  called  Morocco.    By  C.  A.  Broussonet     14 

Recipe  for  deflroying  Caterpillars  on  Goof  cherry  Bujhes         iS 

On  the  Gradual  Changes  in  Temperature  and  Soil  luhich  take 
place  in  different  Climates^  ivith  an  Enquiry  into  the  Caufe 
of  thofe  Changes.     By  the  Abhc' Math  n  -  jg 

Agenda^  or  a  Colledion  of  Obfervations  and  Refearches,  the 
Refults  of  -which  may  ferve  as  the  Foundation  for  a  Theory 
of  the  Earth.     By  M.  De  Saussure         24,  135,  217 

0?i  the  Effects  produced  on  different  Kiyids  of  Stones  by  the 
Vapour  of  the  Fluor  Acid.  By  M.  Ko  rt  U  M,  oflVarfatv  29 

An  Eafy  and  Cheap  Method  of  preparing  Sal  Aeratus,  (Car^ 
bonat  ofPot-ajh.)  By  E.  A.  Holyoke,  M.  D.  of  Salem, 
Maffuchiifdts  -  -  -  _  05 

Communication  from  Capel  Lofft,  Efq.  refpc£ling  the  late 
Meteor  and  Comet  _  _  _  «g 

Defcription  of  a  Blajl-Furnaceforfmelting  Iron  from  the  Ore, 
ivith  that  Part  oj  the  Bloiuirig -Machine  immediately  con- 
7ie£lcd  ivith  it.  By  Mr.  David  Mushet,  of  the  Clyde 
Iron-Works.      Communicated  by  the  Author  -  ^o 

Extract  of  a  frjl  Memoir  to  fer-ve  as  a  Natural,  Chemicah 
and  Medical  Hi/lory  of  Human  Urine ;  "with  fame  neiu 
Fatis  on  its  Analyjis  and  Spontaneous  Alteration.     By  C. 

FOURCROV  «?ii^  VAUaUELIN  ..   -  -  ^^ 

Fxlratl  from  the  Report  rcfpe5ling  Experiments  made  at  the 
Polytechnic  School  in  the  Years  V.  and  VI.  on  the  Combuf- 
tion  of  the  Diamond.     By  C.  Guyton  -  5^,  174 

Account  of  the  Proceffcs  vfed  by  Mr.  SHELDRAKE  to  fe pa- 
rate  the  Mucilage  from  Linjeed  Oil,  and  to  diffolve  Copal 
in  Spirit  ofTurpentifie  and  in  Alcohol  *  ^         63 

A  3  Prccefs 


iv  CONTENf?. 

Fr'icepf'^r  prnduSing  the  Lights  in  Stained  Drawings.   'By  Mr, 

Francis  Nicholson,  cf  Rippon,  York/hire  Page  67 
An  Account  of  Mr.  B.hown'j  Travels  through  Egjpt  a?ui 

Syria,  &c.  _  _  -  _  69,  192 

Defcripticn  of  the  Paliorum  Lacus,   or  Lake  Palius,   in  the 

Valhy  of  JS^oto  in  Sicily.  ^M.DOLOMIEU  -  77 
Ohfer-vatioiis  en  the  ISatun  of  the  Fog  0/1783-.     By  M.  De 

Lam  ANON,  Correfpondcnt  of  the  Academy  of  Sciences  at 

Tarts  -  .     -  -  -  -  80 

"Report  on  the  Converfon  of  Soft  Iron  into  Cafl  Steel,  Mi^iean? 

of  the  Diamond.     Read  m  the  French  National  Inftitute, 

Ikermidor  26,  Year  7.     By  C.  Guyton  -  80 

CovDuunications  from    Dr.  Thornton,    Phyfician   to    the 

General  Difpenfary^  Sec.  &c.  &c.   relative  to  Pneumatic 

Medicine  -  -  -  94,  196,  291 

Ohfervations  on  the  Flux  and  Reflux  of  the  Atviojpherc.     By 

the  Abhe  Mx^s  -  -  -  -  105 

On  the  KafJire  and  ConflmBion  of  the  Sun  and  Fixed  Stars. 

By  VV'^ii.LiAM  Herschel,  LL.D.  F.R.S.  114,  222 
On  the   ProduSlion  of  Caji  Iron,   cnid  the  Operations  of  the. 

Blafl-Furnacc.     By  Mr.  David  Mushet,  of  the  Clyde 

Ir07i-JVorks.      Communicated  by  the  Author  -  124 

Ohfervations  on  Pot-ajh  ;   being  an  Inquiry  how  far  the  mif- 

chicvQus  Fjf'etts  of  Septic  Acid  are  rejlrained  by  Pot-a/h 

and  other  Alkalies,  particularly  in  refpeil  to  the  FffeBs  of 

Septite  qf  Pot-aJh  {Nitre  or  Saltpetre)  upon  Afiimal  Fle/h 
'  intended  to  be  eate?i,  and  upon  the  Human  Stomach ;   in  a 

Letter  from  Dr.  JMitchill  to  Dr.  Pnejiley,  dated  Plandome. 

May  ^,  ijcjf).  Cojnmunicatedby  Dr.  yhrcHiLL  146 
De/'cnptioif  of   a   Mercurial   Gazometer  conJlruBed  by   Mr, 

W.  H.  Pkpys^«7/.  Communicated  by  the  Author  154 
A  CptumunicatioTi  refpetling  the  Preparation  of  Writing  Ink. 

By  Mr.  Dk  S  O  R  M  K  A  u  X  jun.  -  -  157 

An  Inquiry  conctmivg   the   Weight  afcribcd   to   Heat.      By 

Benjamin  Count  Rumford,  F.R.S. M.R.I. A.  &cc. 

Read  before  the  Royal  Society  May  2,  1799  -  162 

A  Letter   to   the  Lditor,    containing  fome   ObjeStions  to   the 

' Mitchillian  Theory  of  Ptjtilential  Fluids  -  1 88 

Df/cvipti07i  of  ]\lr.  tlovVAUD'i"  Improved  Air-Furnace  190 
On  different  Sorts  of  Lime  ujed  in  Agriculture.     By  S.mith- 

sox  Tv.^ffxsTf  Efq.  F.R.S.  -  -  209 

FxtraH  of  a  Memoir,  and  Experiments  on  the  Nutrition  of 

Plants.     By  M.  Rafn,  AJfeffbr  in  the  Office  of  Commerce 

at  Copenhagen  _  _  -  _  233 

On  the  AJfaying  of  Iron  Ores  and  Iron-Stones  by  Fufion..    By 

Mr.  David  JMushi;t,  of^he  Clyde  Iron-fVorks  236 

5  ^'^ 


CONTENTS.         '  ▼ 

On  the  real  Origin  of  that  Rejin  hioiun  -under  the  Name  of 
Sandarac,  and  that  of  Gum  Arabic.    iJyM.ScHOUSBOE 

On  the  Pefiilcntial  Dijeafcs  ivh'ich,  at  different  t'lmcs^  ap- 
peared in  the  Athenian,  Cartbaginidn  and  Roman  Armies, 
in  the  Neighbourhood,  of  Syracuft.  By  the  late  £.  H. 
Smith,  Phjfician  -  -  -  242 

Obferrjatians  on  the  Art  of  Scouring  different  Kinds  of  StuJ^'. 
B}'  C.  Chaptal  .  _  _  261 

DeJcriptioTi  of  fome  Improvements  invented  hy  Mr.  James 
Burns,  of  Glafgovj,  applicable  to  Fire- Grates,  Stoves, 
Sec.  by  which  Rooms  and  Halls  cf  every  Defcription  may 
be  heated  more  fpeedily  and  ejfeciually,  and  with  a  fmaller 
Wajle  of  Fuel,  than  by  the  Methods  71010  in  Ufe       -      264 

On  the  Chemical  A^ion  of  different  Metals  on  each  other  at 
the  covwLoii  Temperature  of  the  Atmofphere.     By  C.  Fae- 

BROM  -  -  -  -  -  268 

On  the  Art  of  Hardening  Copper.     By  P.  I,  HjELM        271 

Experiments  on  the  Nature  and  Properties  of  the  Pietra  fon- 
gaja,  Lapis  fungi fer.     By  P.  A.  Gadd  -  279 

On  the  Volcanic  Ifland  throiun  up  in  the  Neighbourhood  of 
Iceland.  By  Captain  VoN  LoWENOliN,  of  the  Danijh 
Navy  _  _  _  -  -  280 

Experiments  on  fome  peculiar  Matters  drawn  from  Animal 
Subjiances  treated  with  the  Nitric  Acid.  By  C.  Wel- 
ter _  _  «  -  -  286 

Refedions  on  the  Quality  of  Earfhen-JVare,  and  the  Refults. 
of  the  Anal f is  of  fome  Earths  and  common  Kinds  of 
Earthen  -  IVare.     B>'C.VAUaUELiN  -  288 

A  Communication  frojn  George  Pearson,  M.D.  F.R.S. 
&c.  Phjfician  to  St.  George's  Hofpital,  &c.  concerning 
Eruptions  refembling  the  Small-  Pox,  which  fometimes  ap- 
pear in  the  Inoculated  Vaccine  Dfeafe         -  -  313 

Ohfervations  refpeding  the  Earthquake  which  took  place  in 
Peru  in  the  year  1797.     By  M.  Cavanilles  318 

Experiments  to  determine  the  Quantity  of  Tanning  Principle 
and  Gallic  Acid  contained  in  the  Bark  of  various  Trees. 
By  George  Biggin,  Efq.  -  -  321 

Extract  of  a  Memoir  on  the  Grecian  Method  of  dyeing  Cotton 
Yarn  Red.     By  G.  Felix  -,  -  325 

An  Account  of  the  Wild  Horfes  in  Spanifb  America.  By 
D.  Felix  Azara  -  -  -  -  330 

An  Account  of  the  Pearl  FifJjery  in  the  Gulph  of  Manar,  in 
March  and  April  I'jf)^'     By  Henry  J.  Le  Beck,  Efq. 

A.^  count 


^  CONTENTS. 

Account   of  a  new  l^Iethod  of  Bleaching   Cotton.      By  CT; 

Ch  a  pt  a  l.  Member,  of  the  National  Injlitute  Page  35 1 
On  the  Method  of  preparing  Inks   that  ivill  withfa?id  the 

Atlion  of  the  Oxygenated  Muriatic  Acid.     By  A.  BossE, 

of  Hamburgh  -  -  -  -  353 

Sketch  of  the  Hi/lory  of. Mining  in  Devon  and  Cornivall.     By 

Mr.  John  '\ wi.ow  jun.  Miner,  Tainjhck.     Cominuni- 

cated  by  the  Author.  -  -  -  ^^y 

Oil  the  rclai'we  Proportions  of  Coals  and  h'on^Stones  2ijed  at 

the  Blujl-  Furnace,  and  of  their  proper  Application  to  Ufe. 

By   ]\Ir.  David   Mushet,    of  the    Clyde  Iroyi-Works . 

Commiintcated  by  the  Author  ~  -  366 

A  7ie'w  Theory,  poititinir  out  the  Situatio7t  rf  the  Magnetic 

Folssi,  and  a  Method  of  difo'vering  the  IjOngitude.     By 

P,  R.  N  u  UENT,  Pifq.  formerly  Swvey  or -General  of  hands 
for  the  Ifland  of  Cape  Breton.    Communicated  by  the  Author 

IDefcription  of  a  Portable  Machine  for  loading  and  unloading 
Goods..     By  Mr.  George  Davis,  of  JVindJor,  Berks 

Defcription  of  a  cheap  and  efficacious  V^entilator  for  prefervin^ 
Corn  on  Ship- board.     By  Thou \s  South,  Efj .       3 93 

Intelligence  and  Mifcellaneous  Articles        95,  197,  296,  40^ 


THE 


»H..a».«    11    r'»i  ■«ig»HMiii»nwT.Ti.i»i^^-|..,,^..-,.  ■ 


THE 


PHILOSOPHICAL  MAGAZIXE. 


OCTOBER    1799. 


I.   Ohfcrvations  on  Animal  ^leSlrlcityj  and  particularly  that 
called  Spontaneous.     By  J.  J.  Hemmer  *. 


u. 


NDER  Animal  Eleflrlcity  I  underhand  that  kind  ob- 
ferved  in  animals,  from  whatever  caufe  it  may  arife.  When 
this  ele6lricity  is  excited  in  animals,  neither  by  the  peculiar 
movement  of  their  own  bodies,  nor  by  fri6lion,  or  the  appli- 
cation of  any  other  body,  it  is  called  Spontaneous  Animal 
Eleclricitv.  We  are  taught  by  many  inftances,  both  an* 
cient  and  modern,  that  men,  as  well  as  other  animals,  have 
exhibited  evident  figns  of  ele£lricity  J  although  the  ancients, 
Vvho  mention  thefe  inftances,  did  not  icnow  to  what  the 
phenomenon  was  to  be  afcribed.  It  may  not  be  improper, 
therefore,  to  quote  here  fome  of  the  moft  remarkable  of  them, 
I.  We  are  told  bv  Virgil,  that  the  luii:  of  Afcanius  emitted 
a  harmlefs  kind  of  flame  f. 

Rccc  Icvis  lummo  dc  vcrtice  vifus  luH 
Fundcre  lumen  apex,  tactnque  innoxia  molli 
Lambere  flamma  comas,  et  i  ircum  tempora  pafei, 
Nos  pavidi  trepidare  metu,  crincmque  flagrantcm 
Excutcre,  ct  ian£tos  reftinguere  fontibus  igncs. 

*  From  the  Tranfaciions  of  the  Etciioud  Academy  of  Sciences  at  Man- 
be  im.  Vol.  VI. 

t  .Eneid,  Lib.  II.  v,  582. 

Vol.  V.  B  II.  We 
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II.  Wc  are  informed  by  Dionyfius  and  other  writers,  that 
fire  rtreained  forth  from  the  hair  of  Servius  Tullius,  the 
Roman  king,  during  flcep,  when  be  was  about  feven  years 
of  age  *. 

III.  Pliny  alfo  fpeaks  of  light  often  finning  around  the 
heads  of  men  : — Homi/iufn  qnoqiic   capita  'vsjpt.r finis   horis 

Jlelli^  magna  praf agio  circu77ifulgent  \ . 

iV.  Wc  are  told  of  a  Carmelite  monk,  who  was  always 
attended  with  this  phenomenon,  that,  as  oft  as  he  ftroked 
his  hair  backwards,  it  emitted  fparks  X' 

V.  A  woman  at  Caumont  exhibited  a  phenomenon  of  the 
like  kind,  as  her  hair,  when  combed  in  the  dark,  always 
emitted  fire§. 

VJ.  Father  J.  Faber  fpeaks  of  a  young  woman  from  vvhofe 
head  fparks  of  fire  alwavs  fell  when  fhe  combed  her  hair  |j. 

VII.  Francifcus  Guidus  produced  bright  flames  from  his 
bo<ly  when  he  rubbed  his  arm  with  his  hand  a?  he  la^y  in 
bcd'li.     • 

VIII.  Ezekiel  de  Caflro**,  aphyfician  of  Verona,  relates 
the  fallowing  circumftance  rrfpc(iting  Calfandra  Buri,  a  lady 
of  the  fame  place : — A?  often  as  flie  touched  her  body,  even 
in  a  flight  manner,  with  a  linen  cloth,  it  emitted  fparks  in 
givat  abundance,  which  could  be  pCK:cived  bv  every  perfou 
Handing  near  her,  and  which  were  attended  wiili  a  confider- 
able  noife.  Her  maids  were  often  deceived  bv  this  pheno- 
menon, and  believed  that  they  had,  through  carclefTnefs, 
dropped  fome  coals  between  the  flieets,  as  fhe  ahvays  caufcd 
lier  bed  to  be  warmed  in  winter,  at  which  time  the  fparks 
wore  nioft  abundant  and  ftrongeft. 

IX.  Anthony  Cianfi,  a  bookfeller  at  Pifa,  when  he  pulled 
off  a  narrow  fhirt,  arid  a  piece  of  cloth  which  he  wore  on  his 
brcaft,  emitted  fparks  from  his  back  and  arms,  with  a  crack- 

*  Antiq.  Rom.  LiS.  IV. 

f   Hirt.  Nat.  Lib.  If.  cap.  xxxvii. 

\  Cardanus,  Lib.  VJIL  de  rcrum  variet.  cap.  xliii. 

^  Scaliger.  E:;cr.  174. 

j,   In  his  Palladium  ChyiTiicum, 

<f  Bartholiaui  dc  luce  anirralium,   L'.gci.  Bal.  1647,  p.  111. 

»*  In  his  book.  De  ig>:e  laTriber.tc- 

ling 
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h\ig  noife,   to  the  groat  terror  of  his  whole  family.     Forlu- 
nius  Licetiis  was  a  witaeis  of  this  phenomenon  *. 

X.  "  Among  us,"  fifiys  Gefner,  "  where  heated  chambers 
are  ufual,  it  often  happens  that  manv  pcrfons,  when  they 
have  warmed  themfelves  at  a  Itove,  and  then  pull  oil'  their 
lliirt  in  a  cold  bed-chamber,  or  move  or  fliakc  it  after  it  is 
pulled  oft",  obfervc  crackling  flames  to  burlt  from  itf ." 

XI.  Bartholinus  fays,  that  a  rope- dancer  at  Turin,  ac- 
cording to  the  teltlniony  of  a  refpeclable  man,  Cafliano  a 
Puleo,  emitted  a  like  phenomenon  of  light  from  his  body;}:. 

XII.  The  fame  author  fays,  that  fparks  proceed  from  the 
flcins  of  cats,  and  particularly  from  the  back  j  which  can  be 
clearly  perceived  bv  (Iroking  the  hair  backwards  even  witli 
the  leait  prelllne,  and  efpecially  after  they  have  been  warmed 
at  the  fire  §. 

XIII.  Scallger  fpcaks  of  a  white  Calabrian  horfe,  which, 
when  combed  in  the  dark,  emitted  fpurks  of  lire  jj. 

XIV.  Ezekiel  de  Caltro  fays*|l,  of  another  horfe  of  the 
fame  kind,  that  real  fparks  were  obferved  when  his  neck  was 
Itroked  upwards  with  the  hand  or  a  currycomb. 

XV.  Simpfon  treats  of  the  light  emitted  by  the  bodies  of 
animals  when  rubbed  ;  and  quotes  inltances  of  fuch  pheno- 
mena on  combing  the  hair  of  a  woman,  currying  a  horfe, 
ajnd  ftroking  a  cat  with  the  hand  **, 

XVI.  The  following  circumllance  rcfpecling  himfelf  was 
told  by  Vaudania  to  the  celebrated  Beccaria :-— "  For  ten  or 
twelve  days  pail,  fince  the  cold  fet  in,  I  wxar,  between  two 
Hurts,  a  piece  of  beaver's  fkin.  Always  when  I  pull  off  my 
upper  fhlrt  at  night,  I  obferve  that  it  adheres,  in  fome  de- 
gree, to  the  piece  of  fkin;  and  when  I  draw  my  fliirt  froru 
it,  I  fee  fparks  which  have  a  Itriking  refemblance  to  thofe  of 
electricity.     Scarcely  do  I  begin  to  pull  off  the  piece  of  fkia 

♦  L'cetvis  c5e  cauffis  monflrorum,  Lib.  II.  cap.  xxviii. 

•^  Lib.  de  lunariis. 

+  De  luce  animali,  p.  123, 

§  Ibid.  p.  i!-9. 

Ij  Exercitat.  174. 

C|  Liber  de  igne  lamb. 

**  D'T.  Phjf-  tie  fcirocntatioric,  1675, 

B  3  when 
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when  I  find  that  it  adheres,  and  with  ftill  greater  force,  to 
the  under-fliirt.  On  taking  it  out  I  obferve,  when  I  hold  it 
in  the  right  hand,  that  the  frill  of  my  fhirt  moves  up  from 
my  body  towards  it.  Tf  I  remove  the  piece  of  fkin  to  a 
greater  diftance,  and  draw  it  from  the  frill,  the  latter  moves, 
again  towards  my  body.  If  I  bring  the  piece  of  fkin  nearer, 
the  fhirt  moves  again  towards  it.  This  ofcillation  of  my 
fhirt  between  my  body  and  the  piece  of  fkin  continues  al- 
ternately, till  it  is  gradually  leflTened,  and  at  length  ceafes.'* 
.  XVII.  About  twelve  years  ago  the  following  circiimftance 
was  communicated  to  our  Academy,  in  writing,  from  Ber- 
digheim  : — On  the  12th  of  February  a  young  woman  having 
put  on  an  aired  fhift,  which  was  exceedingly  narrow  and  fat 
very  clofe  to  her  body,  heard,  on  laying  hold  of  it,  a  crack- 
ling noife  like  what  oftimes  proceeds  from  the  flame  of  a 
candle,  and  obfervcd  fparks  to  iffiie  from  all  thofe  places 
which  fhe  touched  with  her  hands.  Being  artonifhed  at  this 
phenomenon,  fhe  called  to  another  girl,  who  flepJ  in  the 
next  apartment,  to  come  to  her  affiftante,  as  her  fhift,  which 
fhe  in  the  mean  time  pulled  off,  was  on  fire.  They  both 
now  fhook  the  fliift  in  order  to  extinguifli  the  fparks  ^  but 
the  more  they  moved  it,  the  effcfts  were  ftronger :  on  ex- 
amining the  fliift,  however,  no  traces  of  fire  could  be  difco- 
vered.  The  firfl  maid  then  put  on  another  fliift,  which  flte 
took  from  her  box ;  but  as  foon  as  fhe  touched  it,  the  fame 
crackling  noife  and  appearance  of  fparks  took  place.  She 
then  put  on  her  dirty  fmock,  which  fhe  had  before  pulled  off", 
and  returned  to  bed,  on  which  the  phenomenon  difappeared. 
Some  perfons  to  whom  the  circumftance  was  afterwards  re- 
lated, were  defirous  to  know  whether  the  fame  phenomena 
would  again  appear  if  the  maid  put  on  another  clean  fhift. 
She  did  fo  the  following  night ;  and  as  often  as  the  fmock 
was  touched  by  her  or  any  other  perfon,  a  crackling  noife 
was  heard,  and  fparks  were  emitted  every  time  the  finger 
was  brought  near  it.  The  fpeftators  now  defired  her  to  put 
on  another  clean  fmock,  which  belonged  to  another  maid  : 
on  approaching  the  hand  a  like  noife  was  heard,' and  the 
appearance  of  fire  was  obfervedj  but  no  fparks  ilfued  from 
)icr  body,  even  though  touched^  when  flie  had  the  fliift  on. 
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An  experiment  was  then  made  to  try  whether  the  fame  ph<^- 
nomena  would  occur  if  another  woman  put  on  the  girl's 
fliift;  but  nothing  of  the  kind  was  obferved  either  by  the 
perfon  who  had  put  it  on,  or  by  thofe  who  touched  it ;  but 
the  phenomena  were  repeated  when  it  touched  the  maid 
on  whom  they  had  been  firfl  obferved.  Every  time  after  this 
period  that  the  fame  perfon  put  on  a  clean  fmock,  the  fame 
effects  were  produced ;  but  they  difappeared  after  the  fliift 
had  been  worn  fome  days.  On  the  ift  cf  February  the 
whole  phenomenon  ceafed^  and  after  that  time  never  re- 
turned. 

XVII I.  AI.  Flad  junior,  member  of  our  Society,  having 
been  in  a  confumptive  (late  about  eight  years  ago,  obferved, 
for  a  long  time,  as  often  as  he  pulled  off  or  drew  on  his 
ftockings,  that  fparks  proceeded  from  his  feet  in  abundance. 
Having  afterwards  recovered  his  ftrength  in  fome  mealure, 
the  fparks  difappeared;  but  they  returned  when  his  ftrength 
again  began  to  decreafe,  and  continued  till  his  diforder  put 
an  end  to  his  exiftence. 

XTX.  As  often  as  M.  Hertel,  chaplain  to  the  E'e(3:<5T-, 
draws  his  hand  over  his  hvezd,  wf/ich  is  covered  with  hair, 
abundance  of  fparks  are  feen  in  the  dark. 

XX.  I  was  told  by  Count  von  Kagenek,  that  it  oftea 
happened  10  him,  that  when  he  drew  a  iilk  handkerchief 
between  his  fingers,  while  (landing  near  a  ftove,  long  lumi- 
nous ilripes  were  here  and  there  obferved. 

XXI.  I  was  told  alfo  by  a  lady  named  Von  Fraifc,  that  very 
often,  when  ike  rubbed  her  hands  or  arms  even  weakly  with 
a  linen  cloth,  lying  in  bed,  abundance  of  fparks  ifl'aed  from 
them. 

XXII.  M.  Von  Schlemmer,  of  Dcux-Ponts,  relates  of  a 
lady  named  Von  Koch,  that  the  often  obferves,  when  flic 
gets  up  early,  that  a  ribbon,  with  which  Ihe  binds  up  her 
hair  during  the  night,  adheres  to  her  fingers  when  ihe  pulb 
it  oft,  and  moves  with  velocity  towards  other  neitrhbourino- 
bodies.  Having,  by  my  defire,  applied  to  the  ribbon  a  piece 
of  fealing  wax,  which  had  been  rubbed_,  it  was  always  re- 
pelled bv  it. 

XXIII.  I  am  acquainted  with  aaothcr  lady,  w^hofe  hair, 
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■w'ben  comber!  in  the  dark,  always  hzi  a  luminovrs  appear- 
ance, as  I  have  ioiTietimes  obfervcd  myfelf. 

XXIV.  I  have  a  white  horfe,  from  the  body  of  which, 
particularly  in  the  winter-time,  the  comb  brings  forth  abim- 
rfance  <c^  fparks.  I  have  likca-ife  a  white  dog,  from  the  back 
<>f  which,  when  I  draw  my  hand  over  it,  in  a  warm  room, 
from  the  tail  to  the  head,  fparks  iflue  with  a  (napping  noife, 
and  which  feem  fo  troublefome  to  the  animal,  that  he  en- 
ccavmira  to  run  away.  I  have  fometimes  charged  ajar  with 
them. 

XXV.  I  have  often  produced  the  fame  phenomenon  on 
an  aih-grey,  ftrong,  lively  cat. 

XXVL  We  are  acquainted  wkh  three  kinds  of  fiih  which, 
when  touched,  aive  a  fliock  almoft  like  that  occafioncd  bv  a 
chargcnl  jar,  i-iz.  the  cramp-ray,  Raia  tnrpido  L. ;  the  elec- 
trical eel,  Gymnotus  eleiir'icui  I>.;  and  the  Silurus  eleiiricus  L. 
Tlie  more  modern  philofophers  have  con\inced  themfelvcs, 
by  repeated  experiments,  that  the  effecls  of  the  Ihock  given 
by  thcfe  animals  are  of  an  ele£lric  nature,  th(xigh  to  me  it 
appears  probable  that  they  depend,  in  part,  on  another  caule. 

The  animal  elcctricitv  which  I  have  announced  in  theie 
numerous  inftances  is  of  the  coarfer  kind,  and  may  be  eafily 
obferved  bv  every  one  ;  but  there  is  another  kind,  of  a  more 
elclicate  nature,  which  does  not  fpontaneouOy  manifcfi  itfclf, 
"but  muft  be  concentrated  and  called  forth  by  art.  This 
finer  electricity  I  find  flrft  mentioned  in  a  letter  of  ]\I.  de 
SauflTure  to  the  editor  of  the  Journal  de  Vhvjique  at  Paris. 
The  experiments  which  this  cek-hrated  philoibpher  made, 
partly  on  himfelf  and  partly  on  others,  by  means  of  Volta's 
tIe(Slrometer  and  condenfer,  are  given  there  only  in  extra^ls  ^ 
but  the  confequences  he  deduces  from  tiiem  are  as  follows : 

In  order  to  produce  this  electricity,  bodilv  motion  is  ne- 
ceiTary.  The  electricity  thence  produced  arifes  from  the  fric- 
,tion  of  the  body  againft  the  clothes  j  for  ai?  often  as  he  made 
the  expenment  naktd,  he  found  no  electricity.  In  order 
♦hat  electricity  may  be  produced  by  the  fri*^tiou  of  the  body 
againil  the  clothes,  the  latter  muft  poflefs  the  natural  warmth 
of  the  body ;  for  when  he  bad  on  clothes  that  were  cold,  he 
could  ne;'<.r  perceive  the  lead  trace  of  elc£lrici(y :  no  elec- 
tricity 
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tricky  appears  alfo  when  the  bocK-  is  in  a  ftate  of  perfpira- 
tion.  There  are  perfons  who,  in  this  manner,  never  err.il 
eleftricity.  The  ele*^^riciiy  which  (hews  itfelf  in  iJie  human 
body  i-j  pofiiive,  and  fometinies  negative.  The  cauie  of  this 
variation  he  was  not  able  to  difcover. 

[To  be  coacluded  in  next  Number.] 
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HE  body  of  the  ftill  they  ufe  is  a  conimon,  large,  un- 
glazed,  earthen  water-jar,  nearly  globular,  of  about  twenty- 
live  inches  diameter  at  the  wideft  part  of  it,  and  twenty-two 
inches  deep  to  the  neck,  which  neck  rifes  two  inches  more, 
and  is  eleven  inches  wide  in  the  opening.  Such,  at  leaft, 
was  the  fize  of  the  one  I  meafured ;  which  they  filled  about 
a  half  with  fomented  jMahwah  flowers,  that  fwam  in  the 
liquor  to  be  diftilled. 

The  jar  they  placed  In  a  furnace,  not  the  mod  artificial, 
though  feemingly  not  ill  adapted  to  give  a  great  heat  with 
hut  very  little  fuel.  This  they  made  by  digging  a  round 
hole  in  the  ground,  about  twentv  inches  wide,  and  full  three 
feet  deep  ;  cutting  an  opening  in  the  front,  floping  down  to 
the  bottom,  on  the  fides  perpendicular,  of  about  nine  inches 
wide  and  fifteen  long,  reckoning  from  the  circle  where 
the  jar  was  to  come,  to  ferve  to  throw  in  the  wood  at,  and 
tor  a  pafi'age  to  the  air.  On  the  fide  too  they  cut  another 
fmall  opening  of  about  four  inches  by  three;  th^jar,  v/hen 
plated,  forming  one  f,de  of  it,  to  ferve  as  a  chimney  for  the 
fmoke  to  go  out  at.  The  bottom  of  the  earth  was  roundL.d 
up  like  a  cup.  Having  then  placed  tlie  jar  in  this^  as  far  as 
it  would  go  down,  they  covered  it  above,  all  round,  with 
clay,  except  at  the  two  openings,  till  within  about  a  fifth  of 
its  height;  when  their  furnace  was  completed. 

In  this  way  I  reckon  tliere  was  a  full  third  of  the  furface 
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of  the  body  of  the  ftill,  or  jar,  expofed  to  the  flaine.  \vh&r% 
the  fire  came  to  be  lighted  ;  and  its  bottom,  not  reaching  to 
within  two  feet  of  where  the  fuel  was,  left  a  capacious  hollow 
fcetween  them,  whence  the  wood,  that  was  fliort  and  dn,-, 
when  lighted,  being  moftly  converted  into  flame,  and  cir- 
culating on  fo  great  a  furface  of  the  ftill,  gave  a  much 
Wronger  heat  than  could  elfc  have  been  produced  from  fo 
very  little  fuel :  a  confidcration  well  worth  the  attention  of  a 
manufacturer,  in  our  country  more  cfpecially,  where  firing 
is  fo  dear.  There  indeed,  and  particularly  as  coal  is  ufed^  it 
would  be  better,  no  doubt,  to  have  a  grate ;  and  that  the  air 
fliould  enter  from  below.  As  to  the  benefit  refulting  from 
the  body  of  the  ftill  being  of  earlhen-ware,  I  am  not  quite 
fo  clear  in  it.  Yet,  as  lighter  fubflanccs  are  well  known  to 
tranfmit  heat  more  gradually  and  flowly  than  the  more  folidj 
fuch  as  metals,  may  not  earthen  vefiels,  on  this  account,  be 
lefs  apt  to  burn  their  contents,  fo  as  to  communicate  an  cm- 
pyreumatic  taftc  and  fmell  to  the  liquor  that  is  diftilled,  fo 
often,  and  fo  juftly  complained  of  with  us  ?  At  any  rate, 
in  this  country,  where  pots  are  made  fo  cheap,  I  (hould 
think  them  greatly  preferable,  as  at  Icaft  niuch  lefs  expcnfive 
than  thcfc  which  the  gentlemen  engaged  in  this  manufac- 
ture moil  commonly  employ :  though  of  this  they  are  be(t 
able  to  judge. 

Having  thus  made  their  furnace,  and  placed  the  body  of 
the  ftill  in  it,  as  above  defcribcd,  thoy  then  luted  on,  with 
moiftened  clay,  to  its  neck,  at  the  opening,  what  they  here 
call  an  ailkuv,  forming  witli  it,  at  once,  a  cover  for  the  body 
of  the  flill,  with  a  fuitable  perforation  in  it  to  let  the  vapour 
rife  through,  a'nd  the  undtrr-part  of  thealembick.  The  adhur 
was  made  with  two  earthen  pans,  having  round  holes  in 
their  middles  of  about  four  inclie.^  diameter;  and,  tlieir  bot- 
toms being  turned  oppolite  the  one  to  the  other,  they  were 
cemented  tf)gether  wiih  clay;  forming  a  necl:  of  junclion 
thus  of  about  throe  inches,  with  the  fmall  rifing  on  the 
upper  pan.  The  lowcrmoll  of  thefe  was  more  {hallow,  and 
about  eleven  inches  wide,  fo'  as  to  cover  exaClIy  fhe  opening 
at  the  neck  of  the  jar,  to  which  they  luted  it  on  wiili  clay. 
The  upper  and  oppufit?  of  tlii-fe  v/as  about  four  inches  deep, 
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and  fourteen  inches  wide,  with  a  ledge  round  Its  perforation 
in  the  middle,  rifing,  as  is  already  faid,  from  the  inner  fide 
of  the  neck,  of  about  half  an  inch  high,  by  which  a  gutter 
was  formed  to  collect  the  condenfcd  fpirit  as  it  fell  down; 
and  from  this  there  was  a  hole  in  the  pan  to  let  it  run  ofF 
by;  to  which  hole  they  occafionaliy  luted  on  a  fmall  hollo\y 
bamboo,  of  about  two  feet  and  a  half  in  length,  to  convey  it 
to  the  receiver  below.  The  upper  pan  had  alfo  another  hole 
in  it,  of  about  an  inch  fquare,  at  near  a  quarter  of  its  cir- 
cumference from  the  one  below  juft  fpoken  of,  that  ferved  to 
let  off  the  Water  employed  in  cooling;  as  fliall  be  mentioned 
prcfently. 

Their  adhtir  being  thus  fitted  to  the  jar,  they  completed 
the  alembic  by  takincr  a  copper  pot,  fuch  as  we  ule  in  our 
kitchens,  of  about  five  inches  deep,  eight  wide  at  the  mouth, 
and  ten  at  the  bottom,  which  was  rather  flattifli ;  and  turn- 
ing its  mouth  downward,  over  the  opening  in  the  adkur, 
luted  it  down  on  the  infidc  of  the  jar  with  clay. 

For  their  cooler  they  raifed  a  fent,  clofe  upon,  and  at  the 
back  part  of  the  furnace,  about  a  foot  higher  than  the  bottom 
of  the  copper  pot.  On  this  they  placed  a  two  or  throe  gallon 
pot,  with  a  round  hole,  of  about  half  an  inch,  in  the  fide  of  it; 
and  to  this  hole,  before  they  lighted  their  fire,  they  luted  on 
a  iLort  tube  of  a  like  bore;  placing  the  pot,  and  direftincrits 
fpout,  fo  as  that,  when  filled  with  water,  it  threw  a  conftant 
and  uniform  ftream  of  it  from  about  a  foot  high,  or  near  the 
centre  of  the  bottom  of  the  copper  pot,  where  it  was  ditiufcd, 
pretty  completely,  over  its  whole  furface ;  and  the  water 
falling  down  into  the  upper  part  of  the  pan  of  the  adhir^  it 
thence  was  conveved,  through  the  fquare  hole  already  men- 
tioned, by  a  trough  luted  on  to  it  for  that  purpofe,  to  a  cool- 
ing receiver  a  few  feet  from  the  furnace;  from  which  they 
took  it  up  again,  to  fupply  the  upper  pot  as  occafion  required. 

As  their  Itock  of  water,  however,  in  this  fort  of  circula- 
tion, was  much  fmallcr  than  it  feemingly  ought  to  have  been, 
being  fcarcely  more  than  fix  or  eight  gallons,  it  too  foon  be- 
came hot;  yet,  in  fpite  of  this  difadvantage,  that  fo  eafily 
might  have  been  remedied,  and  the  Ihortnefs  of  the  con- 
ducting tube,  which  had  nothing  but  the  cijmmon  air  to 

Vol.  V.  C  cool 


io  On  the  Method  cf  t>ijlllting  at  Chair  a 

cool  it,  there  ran  a  ftream  of  liquor  from  the  flill,  and  buf 
very  little  vapour  rifing  from  it,  beyond  any  thing  I  had  ever 
feen  from  ftills  of  a  much  larger  fize,  fitted  with  a  worm  and 
cooler.  In  about  three  hours  time,  indeed,  from  their  light- 
ing of  the  fire,  they  drew  off  full  fifteen  bottles  of  fpirit ; 
which  is  more  by  a  great  deal,  I  believe,  than  could  have 
been  done  in  our  way  from  a  ftill  of  twice  the  dimenfions. 

The  conveniences  of  a  worm  and  cooler,  which  are  na 
fmall  expence  cither,  I  have  myfelf  often  experienced ;  and 
if  thefe  could  be  avoided  in  fo  fimple  a  way  that  might  eafilv 
be  improved,  the  hints  that  are  here  offered  may  be  of  fome 
ufe.  The  thin  metal  head  is  certainly  well  adapted,  I  think, 
to  tranfmit  the  heat  to  the  water,  which  is  conftantly  re- 
newed ;  and  which,  if  cold,  as  it  ought  to  be,  muft  abforb 
the  fafteft  poflible :  whereas,  in  our  way,  the  water  being 
confined  in  a  tub,  that,  from  the  nature  of  its  porous  fub- 
ilance,  in  a  great  degree,  rather  retains  than  lets  the  heats 
pafs  away,  it  foon  accumulates  in  it,  and  becomes  ver)'  hot  j 
and,  though  renewed  pretty  often,  never  anfwers  the  purpofc 
of  cooling  the  vapour  in  the  worm  fo  expeditioufly  and  ef- 
fe6lually  as  is  done  by  their  more  fimple  and  lefs  expenfive 
apparatus.  In  this  country,  more  efpeeially,  where  labour 
and  earthen-wares  are  fo  cheap,  for  as  many  rupees,  and 
lefs,  twenty  furnaces,  with  ftills,  and  every  thing  belonging 
to  them,  independent  of  the  copper  pots,  might  very  well 
be  erefted,  that  woukl  yield  above  a  hundred  gallons  of  fpi- 
rits  a-day;  allowing  each  ftill  to  be  worked  only  twice.  So 
very  cheap  indeed  is  arrack  here,  to  the  great  comfort  of  my 
miners,  and  of  many  thoughtlefs  people  befide,  that  for  one 
finglc  peyfa  (not  two  farthings  fterling)  they  can  get  a  whole 
cutchn-feer  oViimiht  hafar,  or  above  a  full  Englifh  pint, 
and  enough  to  make  them  completely  intoxicated ;  objcctir 
often  painful  to  be  feen. 

Of  the  fuperior  excellence  of  metal  in  giving  out  beat  from 
jtfelf,  and  from  vapour  contained  in  it,  we  have  a  very  clear 
proof  in  what  is  daily  performed  on  the  cylinder  of  the  fteam- 
engine  :  for,  cold  water  being  thrown  on  it  when  loaded,  the 
contained  vapour  is  conftantly  condenfcd  ;  whence,  on  a 
vacuum  being  thus  formed,  and  the  weight  of  the  atmo- 
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fphcre  aftlng  on  the  furfucc  of  the  pillon  attached  to  the  aim 
of  the  balance,  it  is  made  to  defccnd,  and  to  raife  the  other 
arm  that  is  fixed  to  the  pump ;  while  this,  being  foniewhat 
heavier,  immediately  finks  again,  which  carries  up  the  pif- 
ton,  while  the  cylinder  is  again  filled ;  and  thus,  by  alter- 
nately cooling  and  filling  it,  is  the  machine  kept  in  motion ; 
the  power  exerted  in  raifing  the  pump-arm  being  always  in 
proportion  to  the  diameter  of  the  cylinder,  or  to  the  furface 
of  the  pifton,  which  is  exaclly  fitted  to  it,  and  on  which  the 
prefi'ure  a6ts. 

The  contrivance,  too,  of  having  the  under  part  of  the 
alembic,  where  the  condenfed  vapour  is  colle6ted,  or  upper 
part  of  what  they  call  the  adkur,  of  earthen-ware,  of  fo  great 
a  thicknefs,  and  of  courfe  at  fo  great  a  diftance  from  the  heat 
in  the  body  of  the  IHII,  is  well  imagined  to  keep  the  fpirits 
the  cooleft  poffible,  when  coUefted,  and  running  off. 

By  thus  cooling  and  condenfing  the  vapour,  likewife,  fo 
fuddenly  as  it  riles,  there  is,  in  a  great  meafure,  a  conflant 
vacuum  made,  or  as  much  as  poffible  can  be ;  but,  that  both 
fteam  rifes  faf^er,  and  that  water  boils  with  much  lefs  heat 
when  the  preflure  is  taken  away  from  its  furface,  is  an  axiom 
in  chemiftry  too  well  known  to  need  any  illuftration ;  it 
boiling  in  vacuum  when  the  heat  is  only  ninety  or  ninety- 
five  bv  Farenheit's  thermometer ;  whereas  in  the  open  air, 
imdcr  the  prefTure  of  the  atmofphere,  it  requires  no  lefs  than 
that  of  two  hundred  and  twelve,  ere  it  can  be  brought  to  the 
boiling  point. 

I  mufl  further  obferve,  that  the  fuperior  excellence  of  con- 
denfing the  vapour  fo  effeftually  and  ipeedily  in  the  alembic 
to  our  method  of  doing  it  in  a  worm  and  cooler,  is  greaily 
on  ihe  fide  of  the  former ;  both  from  the  reafons  I  have  al- 
ready adduced,  and  bccaufe  of  the  fmall  ftream  of  vapour 
that  can  be  only  forced  into  the  worm,  where  it  is  condenfed 
gradually  as  it  defcends ;  but,  above  all,  from  the  nature  of 
vapour  itfelf,  with  refpeO:  to  the  heat  contained  in  it,  v.  hich 
of  late  has  been  proved,  by  the  very  ingenious  Doctor  Black, 
to  be  greater  by  far  than,  before  his  difcoveries,  was  ima- 
gined.' For  vapour  he  has  fhewn  to  be  in  the  ftate  of  a  new 
fluid,  where  water  is  diifolved  by  heat  j  with  the  afli fiance, 

C  '2,  perhaps,, 
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perhaps,  if  I  may  be  allowed  a  conje£ture,  of  the  air  which 
it  contains ;  and  all  fluids,  as  be  has  dearly  dcinonftrated, 
on  their  becoming  fuch,  abforb  a  certain  quantity  of  heat, 
which  becomes  what  he  very  properly  calls  latent  heat;  it 
being  heat  not  appearing  either  to  the  fenfes  or  to  the  ther- 
mometer while  they  remain  in  that  liquid  Itate,  but  fliowing 
itfelf  immediately  by  its  effe6ls  on  whatever  is  near  it  j  upon 
their  changing  their  form  from  fluid  to  folid,  as  on  water 
becoming  ice,  or  metals  fixing,  and  the  like.  In  the  folu- 
tion  of  falts,  alfo,  there  is  an  abforption  of  heat,  as  we  daily 
experience  in  the  cooling  of  our  liquors  by  dillblving  falt- 
petre  in  water;  and  this  he  has  found  to  be  the  cafe  with 
water  itfelf,  and  other  fluids,  when  pafling  into  a  ftate  of 
vapour  by  boiling.  P>om  the  moft  accurate  and  judicious 
experiments,  indeed,  he  infers,  and  with  the  greatclt  appear- 
ance of  truth,  that  ihe  heat  thus  concealed  in  vapour  raifed 
by  boiling,  from  any  given  bulk  of  water,  would  be  fully 
fuflicient,  if  collected  in  a  piece  of  iron  of  the  like  fize,  to 
make  it  perfedlly  red  hot.  What  then  muft  be  the  efFeft  of 
fo  much  heat  communicated  in  our  way  ot  diftilling  to  the 
worm,  and  to  the  water  in  the  tub,  v.iil  be  fufficiently  evi- 
dent, from  what  has  been  faid,  to  prove,  I  think,  that  we 
have  hitherto  employed  a  worie  and  more  defet^tive  method 
than  we  might  have  done  with  relpoct  to  cooling  at  leafl, 
both  in  the  making  of  fpirits,  and  in  other  diftilli^tions  of  the 
like  kind,  where  a  fimilar  mode  is  ad<^pted. 

The  poor  ignorant  IndiaPi,  indeed,  while  he  with  wonder 
furvevs  the  vafl  apparatus  of  European  diftillers,  in  their 
immenfe  large  ftills,  worms,  tubs,  and  expcnfive  furnaces, 
snd  finds  that  fpirits  thus  mndc  by  them  are  more  valued, 
and  fel'  much  dearer  than  his  own,  may  very  naturally  con- 
clude, and  will  have  his  competitors  join  with  him  in  opi- 
nion, that  this  mufl  alone  furely  be  owing  to  their  better 
and  more  judicious  manner  of  diliilling  with  all  thofe  inge- 
nious and  expenfivc  contrivances,  which  he  can  no  ways 
emulate  :  but  in  this,  it  would  appear,  they  are  both  equally 
millaken ;  imputing  the  eft'eCts,  which  need  not  be  contro- 
trovcrted,  perhaps,  to  a  caufe  from  v.hich  ihcy  by  no  means 
proceed  ;  the  fuperiority  of  their  fpirits  not  at  all  ariling  from 
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the  fuperlor  excellence  of  thefe  Hills  and  fLirnaces,  nor  from 
their  better  mode  of  condu6ling  the  diilillation  in  any  re- 
fpett;  but  chiefly  rather  from  their  greater  ikill  and  care  in 
the  right  choice  and  proper  management  of  the  materials 
they  employ  in  fermentation;  and,  above  all,  as  I  appre- 
hend, from  the  vaft  convenience  they  have  in  cafks,  by 
which,  and  from  their  abilities  in  point  of  ftock,  they  are 
enabled,  and  do  in  faft,  in  general,  keep  their  fpirits  for  a 
certain  time,  whence  they  are  mellowed,  and  improved  fur- 
prifingly  both  in  tafte  and  falubrity. 

All  I  need  further  add  with  refpeft  to  diflillation,  and  on 
the  fuperior  advantages  in  the  mode  of  condud;ing  it  here,  to 
that  we  have  been  in  ufe  to  employ,  for  the  raiting  of  fpirits, 
limple  waters,  and  the  like,  is  only  to  obferve,  I  have  no  fort 
of  doubt  but  that  the  intelligent  chemical  operators  at  home, 
if  ever  they  (liould  get  a  hint  of  it,  will  make  no  niamier  of 
fcruple  to  ufe  it  alfo,  and  to  improve  upon  it  greatly  by  a 
few  ingenious  contrivances,  which  their  knowledge  and  ex- 
perience will  fo  eafily  fuggeft.  The  principles  on  which  at 
fecms  founded,  indeed,  efpecially  with  regard  to  their  way 
of  cooling,  are  fo  Itriking  and  juft,  that  in  many  other  di- 
ilillations  befides  thofe  of  fpirits  and  waters,  they  may  be 
employed,  I  apprehend,  with  very  great  profit  and  advan- 
tage. 1  (hall  now,  however,  confine  myfelf  to  mention  only 
the  benefit  that  may  refult  from  a  like  procefs  in  the  raifing 
of  the  finer  aromatics,  while  the  heat  contrived,  as  in  our 
way,  befides  impeding  the  dlltillation,  mud,  from  its  long 
action  on  fuch  fubtile  bodies,  probably  injure  them  greatly 
in  the  eflential  quality  on  which  their  excellence  depends; 
and  upon  this  very  account  I  am  apt  to  imagine  that  the 
greater  quantity  obtained,  and  the  fuperior  quality  of  the  oil 
of  rofes  made  in  this  country,  to  that  made  from  rofes  with 
ws,  is  owing  chiefly,  if  not  entirely,  to  their  better  and  more 
judicious  manner  of  extracting  it  here.  For  with  us,  the 
(till,  being  made  of  metal,  may,  in  the  firfl  inftance,  impart 
too  great  and  too  hidden  a  degree  of  heat ;  and  next,  the 
cii  continuing  fo  long  in  the  vapour,  and  that  much  corn- 
prefied,  may,  in  fo  delicate  a  fubjctt,  not  only  entirely 
ahnoil  unite  it  with  the  water,  fo  as  to  render  the  fcpara- 
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tion  impradicable,  but  may  at  the  fame  tune  alter  ifs 
efTcnce  fo  completely,  as  that  it  can  no  longer  appear  \\\ 
the  (late  it  othcnvife  might  have  been  f<-.und  in,  had  the 
operation  been  better  condufted,  or  in  the  way  the^'  do 
here.  A  very  few  trials,  however,  would  much  belter  cer- 
tify this  than  all  1  can  poflibly  fay  on  the  lubjed,  or,  in 
fa<il,  than  all  the  reafoning  in  the  world.  Therefore,  as  to 
my  own  particular  opinion  of  the  flavour  and  quality  of  the 
Tofes  at  home  being  equal,  if  not  fuperior,  to  that  of  thofe  in 
this  country,  I  may  be  entirely  filent ;  the  rules  and  realon- 
iiifi-  in  chemiltrv,  though  ferving  greatly  to  enlarge  and  im- 
<prove  our  undcrilanding,  being  what  of  themfclves  can  never 
.be  depended  upon  till  confirmed  by  fads  and  experiments; 
.where  many  things  often  turn  out  very  different  from  what, 
from  our  heft  and  moll  plaufible  arguments,  we  had  the 
.greateft  reafon  to  expert.  Or,  if  it  (liould  be  found  to  be 
reallv  true,  what  I  have  often  heard  aifcrtcd,  by  thofe  how- 
ever who  had  it  only  from  others,  but  not  of  their  own  par- 
ticular knowledge,  that,  in  diftilling  their  oil  of  rofes  at  the 
.places  where  they  make  it  the  bell:,  they  ufe  alfo  with  their 

•  rofes,  fandal  wood,  and  fome  other  aromatics,  no  rofes  what- 
•ibever,  it  is  plain,  could  ever  of  themfelves  be  made  to  aflbrd 

2  like  oil,  nor  without  fuch  an  addition  as  they  employ.    A 

•  circumiiancc,  by  the  bye,  that  might  poflibly  cafily  be  cer- 
■  tiified  by  fome  one  of  the  many  ingenious  corrcfpondents  of 

the  Society  who  may  happen  to  rcfide  where  it  is  made ;  and 
a  knowlcdec  of  the  real  truth  of  it  would  certainly  be  of  ufe. 


III.   On  the  J>hthod  e^nplqyed  at  Ftz  and  Tetuan  to  prepare 
thofe  Goat  Skins  called  JMorocco.     By  C.  A.  liiiousso- 

J.  [IE  flJns,  after  being  flayed  from  the  animals  by  ftrip- 
pinii  them  oft  entire,  are  inimcrfcd  in  water  for  three  days: 
they  are  then  cxpofed  to  the  air,  and,  when  dry,  the  hair  is 
taken  off,  but  imperfectly.  They  are  then  dipped  ia  flacked 
liuK',  and  fprinkled  over  with  powdered  lime  to  detach  the 

•   From  die  BuiUtln  ies  Scunccs^  No,  23. 

7  finalkr 


.    to  prepare  Morocco  "Leath^,  "^  i^ 

fliiallerliairs  ;  after  which  t'ncy  are  wafacd  in  running  water,; 
and  rinlld  with  care.  After  remaining  a  night  in  the  water^ 
thev  are  dried  in  the  open  air.  Thirty  parts  of  tliele  fkins 
are  then  placed  in  two  quintals  of  bran,  (each  part  confi ft* 
of  fix  fkins,  and  the  quintal  is  150  poundi'.)  They  arc  fuf- 
fered  to  continue  in  this  Ua^c,  turning  thcni  every  day,  till 
they  have  acquired  a  great  degree  of  pliability.  They  are  af- 
terwards waflied  again  in  running  water,  and  trod  upon  with 
the  feet;  then  thrown  into  a  fecond  bath  made, with  \vhitl.^ 
figs,  about  a  quintal  and  a  quarter  of  which  arc  employed 
fi)r  thirtv  parts  of  flcins.  The  ficjs  render  the  water  fapona- 
ceous.  Thev  are  left  in  this  bath  four  or  five  days,  during 
which  they  arc  often  turned ;  and,  while  immerfed  in  the 
water,  they  are  for  three  dr.vsbefprinkled  with  finely  pounded 
rock-falt.  The  water  is  then  drained  off,  and,  being  again 
befprinkled  with  fait,  they  are  placed  in  a  heap  in  a  flat  vef- 
fcl,  where  they  imbibe  the  fait  completely.  The  water  they 
contain  is  wrung  out  by  twitting  them  ;  and  they  then  be- 
come exceedingly  pliable,  and  fit  for  receiving  the  colour. 
"  If  deftined  to  be  red,  half  a  pound  of  cochineal  and  three 
ounces  of  alum  are  employed  for  ten  parts  of  fkins.  The^ 
are  then  put  into  pits,  where  tan-beds  are  formed  of  about 
fiftv  pounds  for  each  fkin;  which  is  turned  in  fuch  a  man- 
ner that  the  grain  is  infide,  and  that  the  fkia  may  be  filled 
^ith  the  tanning  water.  At  the  end  of  eight  days  they  arc 
turned  infide  out,  and  are  ftill  filled  with  the  tanning  water, 
in  which  thev  are  left  for  fix  days;  care  being  taken  to  fiir 
them.  Thev  arc  then  rinfed  in  running  water;  fcraped  with 
an  iron  inftrxuTicnt ;  cut  up  along  the  belly  j  and  foftened 
with  a  little  oil.  Thev  are  dried  in  the  fun,  and  then  cooled 
in  the  fliade :  after  v.hich  they  are  gently  befprinkled  with 
water,  and  the  edges  are  paired  off  with  three  different  in- 
f^rumcnts  of  iron.  When  the  red  is  too  dark,  a  decochion  of 
a  plant  called  ra-zoul  al  achhi,  a  kind  ot  annual  vu:Jemhr\an~ 
thcvium,  is  employed  to  weaken  it.  This  liquid  is  applied 
warm,  by  pouring  a  fpoonful  over  each  (kin. 

I'l  tlie  morocco  is  intended  to  be  yellow,  the  fkins  are  pre- 
pared as  for  the  red,  but  not  faked  till  they  are  put  into  the 
fig-bath;   and  for  five  dozen  of  fkins^  tv/enty-five  pounds  of 
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tan  only  are  employed.     They  are  dyed  with  the  pulverlfed 
bark  of  the  pomegranate  tree  and  alum. 

The  falfe  red  dye  is  communicated  to  fkins  with  Brazil 
wood  and  alum.  Inftead  of  Brazil  wood,  fouah^  a  kind  of 
galium  or  rubia  (madder),  brought  in  large  quantities  from 
Morocco,   is  often  employed. 


IV.  Recipe  for  dejiroy'ing  Caterpillars  on  Goofeberry  Bujhes** 


RECEIPT  for  this  purpofe  was  offered  to  be  commu- 
nicated to  the  Society  by  William  Henderfon,  of  Baldridgc 
Burn  near  Dunfermline,  on  the  6th  of  February  1795,  for 
a  fuitable  rew^ard.  The  propofal  was  referred  to  a  Sub- Com- 
mittee, of  which  Dr.  Monro,  ProfclVor  of  Anatomy  in  the 
TJniverfity  of  Edinburgh,  was  chairman,  who,  after  making 
trial  of  the  receipt,  gave  in  their  report  on  the  ill  of  July  179*5. 
The  receipt  for  the  preparation,  and  the  manner  of  ufing  it, 
was  in  the  following  words  :  — 

Take  one  Scots  pint  of  tobacco  liquor  f,  which  the  ma- 
nufa6lurers  of  tobacco  generally  fell  for  deftroying  bugs,  and 
mix  therewith  about  one  ounce  of  alum;  and  when  the  alum 
is  fuflficicntly  diffolved,  put  this  mixture  into  a  plate,  or  other 
veflTel,  wide  and  long  enough  to  admit  of  a  brufli,  like  a 
weaver's  brufli,  being  dipped  into  it;  and  as  early  in  the 
feafon  as  you  can  perceive  the  leaves  of  the  bu(h'es  to  be  in 
the  leafl  eaten,  or  the  eggs  upon  the  leaves,  (which  gene- 
rally happens  about  the  end  of  May,)  and  which  will  be 
found  in  great  numbers  on  the  veins  of  the  leaves  on  their 
under  fide;  you  are  then  to  take  the  preparation,  or  liquor, 
and  after  dipping  the  brufli  into  it,  and  holding  the  brufli 

*  From  Prixf;  Effity!  mid  T'lanfaSIions  of  the  Highland  Society  of  Scot- 
latid,  Vol.  r. 

\  Tobacco  liquor  is  the  fuperfluous  moifture  exprtffcd  from  ro!i  tobacco 
in  the  operation  of  preiung  it;  and  is,  in  faft,  only  a  ft-r<n5g  infufioii  of 
tobacco  in  well  or  fpring  water,  whicli  may  be  made,  where  ir  cannot  be 
purchafcd,  by  infufing  any  kind  of  t  l«cco  in  water  till  all  the  ftrength 
be  extrafted.  Perhaps  the  fulphit  of  iron  (cop','eras),emplov(  d  in  dyeing 
the  roll  tobacco,  contributes  a  little  to  the  efficacy  of  the  liquor:  a  little  of 
it  may  therefore  be  added  to  the  infufion.     Edit. 
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towards  the  under  fide  of  the  bufli,  whicli  is  to  be  raifcd  and 
fupportcd  bv  the  hands  of  another  perfon ;  and  by  drawing 
your  hand  gently  over  the  hairs  of  the  bruHi,  the  above  h- 
quid  is  fprinkled  and  falls  in  ftnall  drops  on  the  leaves :  the 
confequenec  of  which  is,  if  the  eggs  are  there,  they  never 
come  Ibrward ;  and  if  thcv  liave  already  generated  worms, 
in  a  minute  or  two  after  the  liquor  touches  them,  they  either 
die,  or  ficken  fo  as  to  fall  off  the  bufli,  at  Icafl  they  do  fo  upou 
giving  it  a  little  lliake.  If,  upon  their  thus  fallmg  off,  they 
(liall  not  appear  to  be  completely  dead,  the  bufli  fliouM  be 
held  up,  and  either  a  little  boiling  water  from  a  watering- 
pan  thrown  on  them,  or  a  bruife  given  them  by  a  fpade  or 
ftiovel,  or  the  earth  where  they  lie  turned  over  with  a  hoe, 
Ihis  preparation  does  not  in  the  leafl:  injure  the  buflies. 

The  liquor  here  meant  is  generally  not  in  the  fame  ftate  it 
is  extraftcd  from  the  tobacco,  but  is  mixed  by  the  tobacco 
«manufa<5i:urers  with  cold  water,  in  the  proportion  of  four  or 
five  pints  of  water  to  one  of  the  original  juice  or  cflencc. 
Therefore,  any  perfon  who  may  purchafc  the  juice  itfelf, 
xmmixed,  muft  mix  it  with  water  in  the  above  proportion, 
and  the  quantity  of  alum  mufl  be  about  an  ounce  for  each 
Scots  pint  of  the  mixture. 

Dr.  Monro's  report  was  in  the  following  words : — I  ob« 
fenced,  along  with  Mr.  Hamilton  and  Mr.  Gordon,  (tv/Q 
other  gentlemen  of  the  committee,)  and  two  gardeners  who 
were  prefent,  that  fuch  caterpillars  as  were  wetted  by  tha 
liquor  Mr.  Henderfon  employs,  were  killed  in  a  very  few- 
minutes,  and  the  experiment  has-  been  repeated  by  my  own 
gardener  with  the  fame  effect.  I  have  likewifc  found,  that 
it  kills  a  kind  of  green  Hy,  which  is  very  hurtful  to  the 
leaves  of  plum-trees  and  other  fruit-trees.  It  has  been 
very  generally  knov/n,  that  the  fmokc  and  the  juice  of  to- 
bacco were  pernicious  to  different  kinds  of  infefts  and 
worms ;  but  it  has  not,  fo  far  as  I  know,  been  employed  in 
Mr.  Henderfon's  manner;  and  as  this  has  the  advantage  of 
not  hurting  the  leaves,  nor  the  fruit,  I  confider  it  as  an  ufcful 
and  material  improvement,  v/cU  entitled  to  a  moderate 
premium.  (Signed)     Allx.  I^^Ionro,  M.D. 

Vol.  V.  D  V.  0;s 


li  On  the  Changes  of  Temperature  and  ^ou 

V.   On  the  gradual  Changes  in  Temperature  and  Soil  ivbich 
take  place  in  d'lffcrent  Climates,   ivith  an  E,n(juirjy  into  the 
Caujc  cf  thofc  Changes.     By  the  Ahbe  Maxn. 
[C  ucludeJ  frum  Page  347  of  the  laft  VoIut.c] 

II.  Phjjical  Caufes  of  the  gradual  Alterations  in  Soil  and  the 
Temperature  of  the  Climate. 


HAVE  no  doubt  that  a  great  number  of  different  caufes 
may  have  contributed,  each  its  part,  more  or  lefs,  to  pro- 
duri-  thofe  e6c'6ts  which  are  the  objct^^  of  the  prefent  rc- 
fcarch.  Some  of  them  arc  only  accidental,  and  have  taken 
place  in  different  countries  at  very  different  periods,  while 
in  others  fome  of  them  have  not  taken  place  at  all.  Among 
thefe  arc  the  draining  of  lakes  and  moraffes,  the  extirpating 
of  forefts,  and  the  cultivation  of  land.  All  thefe  circum- 
fiances,  no  doubt,  render  the  temperature  of  climate  mjlder, 
I  found,  however,  one  caufe,  of  a  kind  altogether  different, 
which  appears  to  me  general  and  uniform  in  producing  the 
above  changes.  After  what  I  have  before  faid,  and  in  an- 
other place ',  it  may  be  readily  conjectured  that  I  here  fpeak 
of  an  union  cf  the  two  diftinft  principles,  moilhire  and 
Jieat.  Their  mutual  difcngagement,  and  the  increafe  of  the 
one  above  the  other,  afford,  if  I  am  not  miftaken,  a  key  to 
£  true  theory  of  the  earth. 

All  the  ancient  writers  who  fpeak  of  the  countries  of  Eu- 
rope beyond  the  latitude  of  50'-'  north,  reprefent  them  as 
filled  with  lakes  and  moralTes,  and  covered  with  imnienf^ 
forefls,  almoil  as  America  is  at  prefent.  It  is  a  certain  fact, 
that  the  climate  of  North  America  is  diflerent  from  that  of 
Eyrope  by  about  ten  degrees  of  longitude  j  that  is,  the  dif- 
tricts  of  North  America  lying  under  40''  of  north  latitude 
are  as  cold  and  moift  as  the  countries  of  Europe  Vvhich  lie 
in  the  laitude  of  50".  New  England  lies  between  the  41ft 
and  46th  degrees  of  la  itude;  yet  it  is  obferved  that  the  cli- 
mate there,  in  regard  to  heat  and  cold,  is  equal  to  that  of 

•  bee  my  AI  ■^.oir  c;i  the  Ancierit  State  of  Fhr.dtTi  in  Mentoires  de 
i'AciiJ.dc  i^yu^iliis,  Vol  I.  p.  67  —  7;. 
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the  diftriils  of  England  between  the  latitude  of  50  and  5^. 
It  is  well  known  that  the  people  of  America  are  more  and 
more  extirpating  the  forcfts,  draining  the  marflies,  and  cul- 
tivating the  land  J  and  that  the  climate  there  is  found  to  be- 
come perceptibly  milder.  For  a  thoufand  or  two  thoufand 
years  paft  the  people  in  all  the  northern  parts  of  Europe 
have  been  in  the  fame  manner  employed  in  the  improve- 
ment of  the  foil.  Thefe  caufes,  however  accidental  they 
may  be,  and  however  much  dependant  on  human  induury, 
nmll  certainly  have  contributed  their  part  to  render  the  cli- 
mate milder,  not  only  in  the  countries  whea-c  they  took  place, 
but  even  in  the  neighbouring  countries,  expolod  to  the  ef- 
fects of  their  atmofpherc. 

It  is  almoft  needlefs  to  obfcrve,  that  the  great  number  of 
lakes  and  moralTes,  which,  according  to  the  accounts  of  an- 
cient authors,  cxilled  in  their  time  in  the  fouthern  parts  of  , 
Europe,  muft  have  rendered  the  air  of  thefe  countries  ex- 
ceedingly cold  and  moiCt  as  well  as  unhcalthful,  fuice  it  lef- 
fened  its  elallicity,  and  filled  it  with  thick  vapours;  which 
correfponds  with  the  delcription  they  have  given  us  of  them. 
The  countries  of  Europe  have  not  for  a  long  time  been  fceu 
covered  in  that  manner  with  lakes  and  morafles,   if  we  ex- 
cept Sweden  and  Norway;   though  the  places  where  fuck 
mardies  formerly  exiftcd,  both  in  England  and  on  the  Con- 
tinent,   in  Gaul,    Germany,    and   the  European  Sarmatia, 
may  be  ftill  clearlv  obferved.     It  is  certain  that  human  In- 
dudry,  in  the  courfe  of  ages,  has  in  part  contributed  to  pro- 
duce this  change,  as  a  great  many  epochs  are  known  when 
tlie  draining  of  lakes  and  moralTes  was  undertaken  ;  but  I 
have  no  doubt  that  gradual  finking  of  the  furface  ot  the  fea,. 
which  occ-ifions  a  natural  and  gradual  efliux,   that  could  be 
produced  only  by  thtfe  means,  may  have  contributed   its 
part  alfo.     But,  from  whatever  caufe  thele  changes  may  hiive 
proceeded,  it  is  certain  that  thev  have  contributed  te  IcHen 
the  moiiture  and  cold  of  all  the  countries  of  tLurope. 

We  know  that  in  the  time  of  Julius  C:eiar,  and  even 
long  after,  almoft  all  Germany  and  Sarmatia  were  covered 
with  immenfe  foreRs.  The  Hercyncan  foro^  was  (Ixty  days 
journey  in  length.     It  befrm  in  Belgic  Gaul  near  ti;e  {\i^ ^ 
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and  c'ltended  throuorh  Germany  and  Poland.     Eng-land  waS 
proportionally  lefs  abundant  in  forcfts.      Now  it   may  be 
readily  comprehended  what  extraordinary  cold,  what  nioift 
a-nd  unhcallhful  air  muft  have  prevailed  in  the  climate  of 
thefe  extcn'iive  countries,   as  aM  the  mountains  and   plains 
were  covered  with  fuch  inmicnfe  woods,   and  as  each  valley 
ah  null:  contained  a  lake  or  a  inarfli  ;   and  what  wonderful 
changes  in  the  temperature  of  thefe  lands  muft  have  been 
effetSted  by  the  extirpation  of  thefe  extenfive  forefts,  and  by 
draining  off  the  ftagnant  waters.     Large  woods  prevent  the 
beams  of  the  fun  from  penetrating  to,  and  warming  the  foil ; 
they  impede  alfo  tlic  free  diffufion  of  the  internal  heat,  as 
the  fallen  leaves  and  branches  which  rot  on  the  ground  form 
a  moift  cruft  through  which   the  internal  and  external  heat 
can  with  dilBcultv  force  a  paffage.     In  the  laft  place,  they 
concentrate  the  cold  and  nioift  vapours,  render  them  putrid, 
and  corrupt  the  whole  atmofphcre.     Thi^  has  been  always 
obfcrvcd  in  North  America,  as  we  are  alVared  by  Dr.  Wil- 
tlam.fon:   and  the  c'onfequences  are  bilious  and  intermittent 
fevers  in  fumnier  and  autumn,  and  inflanmiatory  fevers  m 
winter.     He  aficrts,  that  the  opener  and  drier  the  land  be- 
ctnnes,  the' more  it  is  remarked  that  thefe  fatal  difeafes  de- 
creafe.     This  mult  have  been  the  cafe  formerly  in  Europe 
andcr  the  like  circumllances,  and  the  like  caufes  muft  have 
iiontributed  to  render  its  climate  milder  and  more  falubrious; 
I'he  Celts  and  Sarmatians,  who  were  the  firit  inhabitantr 
of  all  the  European  countries  lying  to  the  north  of  Italy  ami 
f  j-reeee,  like  all  the  barbarous  nations  under  difl'erent  namej 
which  dcfecndcd  from  tliem,  and  which  over-ran  the  Roman 
empire  in  the  fifth  and  lixtli  centuries,  defpil'ed  agriculture, 
and  cultivated"  no  more  land  tlian  was  futhcient  to  fupply  the 
wants  of  the  current  year.    They  li\ed  chiefly  either  on  whaf 
tliey  caught  in  burning,  or  the  tlefli  of  their  domedic  ani- 
mals, of  which  they  reared  a  great  manv,  as  they  confidered, 
though  very  unjuftlv,   thefe   employments  as  niuch  nobler 
than  the  cultivation  of  land.     Now  it  is  certain  that  the  cul- 
ture of  tVie  earth,  which  breaks  its  farface.   puts  it  in  move- 
m.'nt,  keeps  it  in  a  ftr.tc  of  continvial  tendernefs,  and  makes 
\t  capal)ie  of  imbibing  the  rays  of  the  fan  in  fummer,  and  of 
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Atfordinn- a  paflage  to  the  internal  heat  in  winter;  and  by 
thefe  means  contributes  to  prefcrve  a  continual  equilibrium 
of  the  principle  of  heat  in  the  earth  and  the  atmofphere. 
The  contrary  takes  place  in  all  uncultivated  countries,  efpe- 
cially  when  they  are  moill,  and  covered  with  w^ood. 

It  can  no  longer  be  doubted  that  the  gradual  draining  of 
the  flagnant  water  in  all  Cclto-Scythia  and  European  Sar- 
matia,  with  the  extirpation  of  their  large  forelts,  and  the  ge- 
neral cultivation  of  the  fields  of  thefe  countries,  mull  have 
had  an  influence  alfo  on  the  atmofphere  of  Greece  and  Italy. 
Thofe  cuttino;  north-v/inds  which  converted  every  thing  into 
ice,  and  of  which  the  Greeks  and  the  Komans  complain  fo 
much,  have,  in  a  great  meafure,  ceafed  fince  the  principal 
caufes  which  produced  them  no  longer  e.xift.  As  long  as 
Germany,  Pannonia,  Dacia,  Moefia  and  Thrace  remained 
uncultivated  and  covered  with  immcnfe  forefts,  their  atmo- 
fphere was  exceedingly  cold,  thick  and  heavv,  and  had  a 
continual  influence  on  that  of  Italy  and  Greece,  in  which, 
becaufe  they  were  open  and  warm  countries,  the  atmofphere 
was  confequently  far  lighter.  The  exertions  of  this  fluid  la 
recover  its  equilibrium  were  the  caufe  of  the  cutting  north 
winds,  of  which  the  Greeks  and  the  Romans  complained  fo 
much.  But  after  thofe  centuries,  when  the  whole  of  Celto- 
Scythia  and  Sarmatia  became  opener  and  better  cultivated,- 
their  atmofphcres  mu(t  have  come  nearer  to  an  equilibrium 
with  that  of  Greece  and  Italy,  and  confequently  theie  ftreams 
of  air  from  the  north  muft  have  decreafed  in  the  fame  pro- 
portion. This  mult  have  contributed  to  moderate  the  cli- 
mate of  Greece  and  of  Italy,  and  to  render  it  much  milder 
than  it  was  about  1800  or  20C0  vears  ago;  and  to  fuch  a 
degree,  that^  had  there  been  no  other  caufe,  we  could  no' 
longer -vvonder  at,  or  entertain  anv  doubt  of,  tlic  efteetsof  the 
cold  which  the  ancients  remarked  in  their  time,  and  which 
are  not  obfervcd  at  prefent. 

It  is  well  knov/n  that  the  winds  which  travcrfe  the  im- 
fnenfe  cold  regions  of  the  Continent  are  alwavs  colder  and 
more  penetrating  than  thofe  wliich  blow  from  the  fea. 
America  extends  a  great  way  towards  the  north ;  and  it* 
remote  diftricls,  on  account  of  the  ice,  fnow,  and  continual 
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£)gs  whLcli  prevail  there,  have  never  been  explored,  arja 
therefore  remain  unknown.  This  immenfe  country  cer- 
tainly extends  nearer  the  north  pole  than  the  Contiaent  of 
Europe  and  Afia,  tl"ie  boundaries  of  which  a'-e  pretty  well 
knowni.  This,  withcviit  doubt,,  may  be  reckoned  among  the 
oaufes  which  render  North  America  much  colder  than  Eu- 
rope under  tht:  fame'  degrees  of  laiLuide,  as  I  have  already, 
remarked.  Hence  it  hj-ppens  that  the  immenfe  Continent 
cf  America,  the  fartKer  it  extends  towards  the  north,  is  more 
filk-d  with  lakes  ancyniarfhes,  which  mud  confequently  add 
to  the  fcverity  of  the  winds  that  fweep  tlieir  furface. 

It  will  perhaps  be  fa'id,  that  it  appears  to  follow,  from  my 
pofiUons,  that  the  m.)re-  the  cold  of  winter  decreafes,  from 
the  above  caufes,  the  heat  of  fummcr  ought  to  increafe  m 
tlie  fame  proportion.  In  my  opinion  it  can  be  proved  by 
many  monuments,  hillorical  as  well  as  phyfical,  that  the 
fum-total  of  the  mean  fummer  heat  is  greater  than  it  vvas 
formerly,  and  that  it  continually  increafes;  though  this  takes 
place  imperceptibly,  and  can  be  obfcrved  only  after  period:? 
of  confiderable  length,  and  by  comparing  the  refpedtive  de- 
grees of  diltant  epochs.  On  the  otlier  hand,  in  regard  to 
tlic  degree  of  the  inleafity  of  that  penetrating,  concentrated, 
£.n.d  ititiing  heat  wliich  is  experienced  even  in  Lapland,  I 
raiilitiy,  that  this  kind  of  he.U  is  Lfiened  by  all  thofecaufes- 
before  enumerated  which  lefll-n  the  cold  of  winter.  I  by  no 
inean.s  afcribe  contrary  eft'ecls  to  the  fame  caufe.  We  are. 
taught  by  general  experience,  that  the  thinner,  purer,  and 
more  elaltic  the  air.  is,  ti)e  lefs,  in  the  iamc  proportion,  i& 
the  inteutlty  of  the  fummer  heat  j  :md,  on  the  contrary,  llie 
thicker  tlie  atmofpliere  is,  and  the  more  it  is  iiiled.  with  (tag- 
aan.t  and  concentratcil  vapours,  the  heat  is  more  intenfe  and 
the  more  Itiflino-.  For  this  reafon  it  is  alwavs  cooler  on  the' 
Ciuimits  of  high  mountains^  while  a  ftiliing  arid  infupport- 
a.ble  heat  prevails  in  the  neighbouring  plains,  eipeciatly  whea 
they  arc  ftu:rounded  by  v»oud.  This  is  always  obre;\cd  in 
the  favannahs  of  Ameriea.  Dr.  AVilliamfun  was  convinced, 
by  experiments  and  obfervation,  of  the  truth  of  my  afl'ertioni 
in  regard  to  North  America ;  and  he  rcmarkjs,  that  whf a 
tkis  CAlenllve   coLiiitry    becoir.e;:    entirely  o^^cn,    when    in 
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woods  are  cut  down  and  its  plains  cultivated,  the  fcvcrity  of 
the  winter  cold  will  not  only  dccreafc,  but  the  lu fling  tm- 
Jiealthful  heat  of  the  iunmier  will  be  moderated.  The  quan- 
tity of  the  Inow,  ice,  and  moilture  is  already  evidently  K'f- 
foned  ;  and  many  plants,  which  could  not  be  cultivated  there 
formerly,  now  thrive  and  fuccced. 

I  now  come  to  the  Ufl  and  principal  caufc  of  thcfe  changes, 
whicli  a«Sls  in  a  general  and  uniform  manner  in  prwlucing 
thefe  efletSts,  as  all  the  others  are  merely  accidental,  and  de- 
fend on  human  induftry.  I  here  mean  to  fav,  that  the 
principle  of  heat,  increafed  continually  in  the  courfe  of  time, 
fo  as  to  overcome  the  oppofite  principles  of  molilurc  and  cold, 
renders,  by  thefe  means,  the  earth  drier  and  fuller  of  Itoncs, 
and  confoquenlly  incrcafes  the  fum  of  the  degree  of  heal. 
Without  this  principle,  in  my  opinion,  we  can  never  find 
fufficient  grounds  for  the  wonderful  chanores  which  ha\e 
taken  place  in  the  nature  of  the  foil  of  all  thofe  lands  whicL. 
border  on  the  Mediterranean  fea,  which  formed  the  ancient 
empire  of  Ronje  from  Syria  to  India,  and  which  at  prefcnt 
have  all  become  uncommonly  fruitful,  dry  and  ftony,  as  I 
have  already  remarked.  The  mere  nec;le6l  of  agriculture 
could  never  have  produced  thefe  elfeils,  and  mud  have  been 
attended  rather  with  efleils  of  a  contrary  nature  *. 

Vr,  Agcniidf 

*  The  p.uthor  lu-rc  fubioins  the  ditfcrcnt  jirt{r<i[;cs  of  arcicnt  autiiors  si- 
Juded  to  in  the  courle  of  this  paper;  but  as  thcfc  avouKI  occupy  too  much 
room,  we  inufi  content  ourfclvcs  with  giving  only  the  icfciencts^  which 
wiil  no  doubt  be  iir.ceptabie  to  our  learned  readers,  who  mav  be  defirouf 
of  profecuting  thiji  fubjcil  farther: — flerodotus  (4G9  years  before  the  binti 
of  Chrifi),  Lib.  iV.  caji.  2S,  19  ;  M.  Terenrius  Varro  (72  vcnrb  before 
J-  C),  De  re  ruftica,  Lib.  Leap.  74  C  Jul.  Cafar  (52  years  bcfor*) 
j.  C).  De  hello  Gailico,  Lib.  IV.  cap.  i  ;  Virgil  (50  years  before  J.  CO. 
Gtorgic.  Lib,  IIL  v.  ^49 — 3S};  Geor^ic  IV'.  v.  iz;,  135;  Diodorus 
Siculu;^,  (45  years  before  J.  C-),  Bibliorh.  Hift.  Lib.  V.  cap.  15  ;  Ovid- 
(10  years  bcfoic  J.  C.),  Trift.  Lib.  IIL  Ekg.  \V.\.^^,  49.  51  ;  Lltg.  X; 
Scrabo  (;8  years  after  J.  C),  Gcograph.  edit.  BujU,.  1539,  Lib.  l.L 
p.  67,  6S.  10--  119,  Lib.  VIL  p.  29  : ;  Poaiponius  Mela  (40  years  after 
J,  C),  De  fituoibis,  Lib.  II.  cap  i.  De  S  ythia  Europcea;  cap.  z.  LV 
Thracia;  Lib,  IIL  cap  III.  De  Germania  ;  Columella  (43  years  after 
J.  C  ),  De  re  ruftica,  edit.  S-ep!;ani  i  543,  in  priul.n.  7,  S.  Lb.  L  c;  p.  1. 
p.  11,  12  ;  L.  Ann,  Seneca  (55  years  after  J.  Cj,  De  provid^n  id,  cap.  4, 
^4it.  L;((f^,  Be.  Tom.  I.  p.  71 1  j  rcironius  Arbittr  ;6o  years  a.'itr  J.C), 

Saiyr. 
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VT.  Agenda,  or  a  ColleSlion  of  Ohfervatkns  and  KefearcheSf 
the  Rejults  of  luhich  may  Jer've  as  the  foundation  Jonr  /$ 
Theory  of  the  Earth.     By  M.  De  Sa  US  SURE. 

[Coiuin'jed  from  page  359  of  the  laft  Volume.] 
C  H  A  P.     XXI. 

Refearches  to  be  ?nade  in  regard  to  the  Loadjlone, 

1.  X  HE  thcoiy  of  the  loadftone  ought  to  form  a  part  of 
the  tlieory  of  the  earth,  becaufe  the  phenomena  which  de- 
pend on  it  belong  to  the  whole  clobe ;  and  becaufe  Halley, 
and  after  him  other  philofophers,  have  endeavoured  to  ex- 
plain the  different  phenomena  of  the  magnet  by  fuppofing 
the  earth  to  be  hollow,  and  that  it  contains  in  its  cavity  one 
or  more  magnetic  globes. 

2.  In  conlidering  the  loadftone  it  ought  firfl  to  be  exa- 
mined whether,  in  order  to  explain  its  phenomena,  we 
ought,  like  Defcartes,  to  fuppofe  a  clofe  fluid  moving  in  a 
vortex  around  the  magnet,  and  entering  at  one  of  its  poles 
and  ilTuing  at  the  other;  or,  as  M,  ^-Epinus,  a  difcrctc  fluid, 
fufceptible  of  rarefaction  and  condenfation,  which  is  rarefied 
in  one  of  the  poles  and  condcnfed  in  the  other  j  or,  laftly. 

Satyr,  p.  10  ;  Pliny  the  elder  (.74  years  after  J.  C),  Hift.  Nat.  edit.  B:'Jll 
15:5,  foI.Lib.  JV.  cap.  i2.p,6G;  Papinius  Statius  (85  years  after  J.C.), 
Sylv.  Lib.  V.  p.  83.  edit.  AmJ},  1624;  Tacitus  (97  years  after  J.  C.),  Dc 
iTioiibus  Germanorum,  cap.  2.  4.  5;  Pliny  the  younger  (99  vears  after 
J.  C),  in  Panegyr.  cap.  12;  Plutarch  (loi  years  after  J.  C),  De  fluviis, 
Tom.  II.  p.  115O.  edit.  Frnnkf.  1620,  p.  949;  L.  A.  Florus  (102  years 
after  J.  0,  Lib.  IV.  cap.  12.  edit.  Elzcv.  lOio,  p.  440;  Appianus  (130 
years  after  J.  C),  Exccrpta  ex  ejus  Cclticis  a  Valeho,  p.  1220  ;  Pajfaiiias 
(174  years  after  J.C.),  Arcad.  cap.  xvii.  p.  634.  edit.  Lfipf.  1696,  fol.; 
Dio  Caffius  (238  years  after  J.  C),  Hifl.  Lib.  XLIX.  p.  413.  edit. 
Hancv.  1606.  fol.  ;  IJerodian  (229  yors  after  J.  C),  Hift.  edit.  G.y?>?/. 
Gr.  &i  Lat.  1699.0.  Lib.  I.  p.  12.  Lib.  VL  p.  221  ;  Juftin  (250  years  after 
J.  C),  Hiftor.  T.  II.  cap.  ii.  p.  25.  edir.  Elz.  1664;  Ammianus  Murcel- 
liuui  (370  years  after  J.  C),  Lib.  XIX.  cap.  11  ;  Jorranles  (525  years 
ifter  J.  C),  De  rebus  Gcticis,  cap.  liv.  p.  693.  edit.  Arjl.  165; ;  Xipiii- 
linus  (io»3  years  after  J.  C.),  in  Epir.  Dionis  Caiiii,  Lib  LXVill. 
p.  7'?6,  ■-■.nd  Lib.  T.XXI.  p.  £04. 
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as  ^I.  Prevoft*,  two  fluids,  fufceptible  of  being  combined 
w  ith  e^ch  other  in  fuch  a  manner  that  one  of  them  alone  is 
accumulated  around  the  north  pole  of  a  magnet,  while  the 
other  is  accumulated  around  the  fouth  pole;  and  that  all  the 
magnetic  phenomena  may  be  explained  by  the  elective  at- 
tractions which  thefe  fluids -jcxcrcife  either  upon  each  other 
or  on  iron  f. 

3.  It  muil  then  be  examined,  whether  the  direction  of  the 
magnetic  needle,  and  its  inclination,  depend  on  the  fituation 
of  a  large  magnet  enclofed  in  the  bowels  of  the  earth,  as 
Halley  fuppofes;  or  on  the  aclion  of  one  of  thefe  two  mag- 
netic fluids  towards  one  of  the  poles,  and,  perhaps,  of  the 
other  fluid  towards  the  oppofite  pole,  as  M.  Prevoft  fuppofes. 

4.  If  we  admit  the  hypothcfis  of  a  large  magnet  fufpendcd 
within  the  cavity  of  the  earth,  fhall  we  fuppofe,  as  the  in- 
ventor of  this  hypothefis,  that  this  magnet  has  four  poles  ? 
Or^  fliall  we  endeavour  to  explain  the  whole,  as  that  great 
geometer  Euler  has  done,  by  a  magnet  having  only  two 
poles  ?  Or,  laftly,  fliall  we  fuppofe,  as  Mr.  Churchman,  an 
American  philofopher,  has  lately  done,  that  the  earth  con- 
tains two  magnetic  poles,  one  at  the  north  and  the  other  at 

*  Dc  I'origine  des  forces  magnctiques,  8.     Geneve  17S8. 

•}•  The  celebrated  Coulomb  admits  alio  two  fluids,  which  compofe  the 
magnetic  fluid,  and  which  exercife  their  a<flion  in  the  inverfe  ratio  of  the 
iquare  of  the  diftancc*.  but,  in  the  theory  of  phenomena  connected  with 
the  aftinn  of  the  globe,  this  philofopher  fets  out  from  certnin  fnfts  imme- 
diately given  by  obfervation  ;  one  of  which  it  would  be  of  importance  to 
verify  in  different  points  of  the  globe.  This  fa6t  is,  that  tlie  forces  which 
attrafl  one  of  the  pole;  of  a  magnetic  needle  frcf.ly  fufpendcd  towards  the 
north,  are  eciiial  to  thole  which  attrafl  the  oppofue  pole  towards  the  fouthl 
Coulomb  concludes  that  this  eq  aiitv  exifts,  becaufe  a  needle,  weighed  two 
different  times,  before  and  after  it  was  magnetil'cd,  was  found  eiaftly  of 
the  fame  weight. 

C.  Borda  has  found,  bv  obfervations  made  firft  at  Brcft,  Cadiz,  Tene- 
rifte,  Goiec  on  the  coaft  of  Africa,  and  afterward'^  at  Brelt  and  Guada- 
loupe,  that  the  intcnfny  of  the  force  cxeicifed  by  the  globe  on  the  mag- 
netic needle,  eftimated  according  to  the  number  of  efcillations  made  by 
•he  needle  in  a  given  time,  was  fenfibly  the  fame  in  thtfe  different  placesl 
This  obfervation  in  o^hcr  latitudes,  efpecially  on  approaching  the  poles, 
might  throw  fome  light  on  the  theory  of  natural  magnetilm. — Note  of 
C.  Hauv. 
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the  fouth,  at  different  diftanccs  from  the  poles  of  the  earth, 
which  perform  their  revolutions  in  different  times ;  and  that, 
from  the  combined  influence  of  thefe  two  poles,  we  may 
concliule  the  annual  chanjrcs  of  the  declination  with  fo  much 
prccifion,  that  we  can  deduce  the  longitude  of  any  place  from 
its  latitude,  .md  from  the  degree  of  declination  which  the 
needle  experiences  '\ 

5.  Thus,  hy  fuppofing  one  or  more  magnets  in  the  inte- 
rior part  of  the  earth,  the  annual  changes  of  the  declination 
and  inclination  may  be  explained  by  the  rotary  movements 
of  thefe  magnets.  But  in  the  fyftem,  which  does  not  admit 
thefe  internal  magnets,  it  is  afked.  Whether  the  changes  of 
declination  might  not  depend  on  movements  which  produce 
the  change  of  obliquity,  prcccflion,  nutation,  and  perhaps 
other  phenomena  or  inequalities  of  that  kindf, 

6.  With  regard  to  diurnal  variations,  an  Englifla  phllo- 
fopher,  Mr,  Canton,  confidering  that  it  is  proved  by  expe- 
rience that  h^at  diminiflies  the  force  of  the  magnet,  thought 
that  the  folar  rays,  by  heating  the  earth,  muft  leflen  the  at^ 
tra6:ive  force  of  the  grand  magnet  contained  in  it ;  and  he 
thence  deduced,  as  will  be  {fttw  hereafter,  an  explanation  of 
thefe  variations.     But  Mr.  Canton  did  not  reflect  on  what 

*  Heads  of  Le(fturcs  by  S.  Prieftley,  London  1794. 

f  j'Epinus  gives  another  cxplanaticn  independent  cf  thefe  movcmcnf;. 
It  may  be  poflible,  according  to  this  philofophcr,  that  the  declination  of 
the  magnetic  needle  arifcs,  in  generui,  from  the  irregular  figure  of  th^ 
nucleus  of  the  magnetic  globf,  or  from  an  unequal  djllribution  of  the 
fluid  in  its  interior  part :  and  to  account  for  the  variation  of  this  declinar 
tion  in  one  place,  in  the  courfe  of  time  we  might  fuppofe  that  the  figure 
of  the  nucleus,  or  the  diflribuiion  of  the  fluid  it  contains,  is  itfelf  varir 
able.  JEpinus  prefumes  alfo,  that  the  action  of  the  iron-mines  difpcrfed 
throughout  the  bofom  of  the  globe,  may  have  an  influence  on  the  varia- 
tion in  queftion ;  and  m.iy,  perhaps,  be  the  fole  caufc  of  it,  Tcntamen 
tbenxiie  cleBr.  ft  magnet,  p.  $68,  ^71,  334. 

This  philofqpher  wilhcs  that  men  of  I'cience,  ^vho  have  an  opportunity 
of  being  ncjir  a  mine  of  ioadftonc,  would  determine,  by  obfervanon,  whe- 
ther the  maffes  of  this  mineral,  before  they  are  taken  f.nm  the  bowels  of 
the  earih,  have  thtir  poles  difpoftd,  in  rcgnrd  to  the  poles  of  the  world, 
like  ih'jfc  cf  needles  freely  fulptnded  :  and  whether,  in  certain  maflts,  the 
poles  are  not  in  ap  inverfe  tUicflion,  of  which  he  fhews  the  poflibiliry  by 
«T)eaii3  of  coEieq^iJi;!!!  points.    IbuL  j>.  333. — Is'otc  of  the  fame. 
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^45  clearly  fceri  by  M.  Spinas,  that  this  magnet,  if  it  cx- 
ifls,  is  funk  to  too  great  a  depth  in  the  earth  for  the  adlion 
of  the  folar  rays,  or  at  lead  the  variations  of  that  aftion,  in 
the  morning  and  evening,  to  be  able  to  penetrate  to  it.  We 
may,  however,  apply  to  the  ferruginous  minerals,  difperfcd 
in  abundance  over  the  furface  of  the  earth,  what  Mr.  Canton 
fuppofed,  in  regard  to  the  grand  magnet  contained  in  its 
bofom ;  and  then,  if  we  admit  that  thcfe  minerals  exercife 
any  a6libn  on  the  magnetic  needle,  we  cannot  deny  that  the 
heat,  excited  by  the  rays  of  the  fun,  mav  diminifh  that  ac- 
tion. From  thefe  principles  it  would  follow,  that  in  the 
morning,  when  the  fun  warms  the  furface  of  the  ground  fitu- 
ated  to  the  eaft  of  the  needle,  the  latter,  being  lefs  Rrongly 
attracted  towards  that  part,  ought  to  decline  towards  the 
weft ;  and,  for  a  contrary  reafon,  it  mud  in  the  evening  de- 
cline towards  the  eaft.  But  Mr.  Canton  proved,  by  a  long 
fefies  of  obfervations,  that  at  London,  at  leaft,  this  is  the 
ordinary  courfe  of  the  diurnal  variations. 

7.  But  it  will  be  proper  to  examine  whether  this  explana- 
tion, even  thus  corrected,  does  not  contain  a  paralogifm; 
and  when  the  attraftive  force  of  all  the  ferruginous  particles, 
difperfcd  over  the  furface  of  the  earth,  to  the  eaft  of  the  needle, 
is  diminiftied  equally  and  fimultaneoufly,  the  needle  ought 
not  to  remain  motionlefs ;  fince  the  diminution  of  the  attrac- 
tion exercifed  upon  the  fouih-poleof  the  needle,  compenfates 
for  the  diminution  of  that  exercifed  upon  the  north-pole*. 

*  Let  O  ^^  the  centre  of  fufpenfion  of  the  nee  lie  K.S.,  and  a,  b,  c,dy 
the  forces  which  attr:i6t  the  needle  in  oppofite  direc- 
tions; for  example,  pieces  of  iron.     The  forces  m 
^  and  ^Yconfpiic  to  make  the  extremity  N  of  the  Etft. 

needle  move  towards  the  weft ;  and  the  forces  at  a    -,'^^  _  f^ ^ 

N    j  Q  '   5 

and  c  confpire  in  the  like  manner  to  make  the  fame       ^ 

cxtrcmityprocecd  towards  the  eaft.   Whenthe  needle  Weft, 

remains  at  reft,  there  is  an  equilibrium,  and  :he 
forces  a  -|-  f  =  ^  +  ^/.     But  in  this  fupnofuicn,  if 

the  forces  of  the  fame  fide,  b  and  c  for  ex  .mplc,  gradually  diminifh,  the 
equilibrium  will  not  be  interrupted.  For,  let  bz=.y  -^  m  and  c -.=  tc  •\- m : 
if  the  forces  i  and  f  are  equally  diminilhed  by  the  quantity  »?,  we  IhdJl 
always  have  o  -}-  x  =:  ^  +>'•  The  cafe  will  be  the  fame  with  any  aug- 
mentation, if  it  be  equal  and  fimultaneous  on  ail  the  fidci  of  the  neecLle. 
—Note  wf  the  Author. 
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I  fav  the  lame  thing  of  thofe  fituated  to  the  weft.  If  this  rca- 
foning  be  juft,  the  needle  ought  not  to  vary  by  the  adlion  of 
the  foiar  heat,  but  when  this  heat  diminiflies  the  magnetic 
force  of  the  ferruginous  parts  (itualcd  to  the  north  of  the 
needle,  more  than  that  of  the  parts  fituated  to  the  fouth,or 
reciprocally. 

To  determine  this  curious  queftion,  it  would  be  neceflary 
to  make  choice  of  two  oppofite  coaft?,  and  directed  alnioft 
eaft  and  weft  from  the  magnetic  meridian  ;  fuch  as  the  coaft 
of  Provence  to  the  fouth,  and  that  of  Normandy  to  the  north  ; 
to  eftablifl?  two  compalTes  well  fufpcnded,  fuch  as  thofe  of 
M.  Coulomb,  one  to  the  fouth,  at  Anlibes  for  example, 
and  the  other  to  the  north,  near  Cape  de  I.a  Hogue;  and  Vj 
fee  whether  their  diurnal  variations  did  not  proceed  in  a  con- 
trarv  direction  :  that  is  to  fay,  whether  that  at  Antibes, 
having  the  continent  to  the  north,  and  only  fea  to  thefoutb, 
would  not  decline,  in  the  morning,  towards  the  weft,  as  that 
wf  Mr.  Canton  did  ;  and  whether  that  of  La  Hogue,  having 
the  continent  to  the  fouth  and  fea  to  the  north,  would  not, 
at  tlie  fame  time,  decline  to  the  eaft.  Mr.  Canton,  indeed, 
>vho  made  thefe  obfervations  at  London,  had,  to  the  north 
of  his  magnetic  horizon,  the  greater  part  of  England  and  all 
Ireland;  and  thus  he  muft  have  had  the  variation  weft  in 
the  morning  and  eaft  in  the  evening,  as  he  obferved  it;  for 
it  is  certain  that  the  fea  prcfcrves  the  land,  which  it  covers, 
from  the  aftion  of  the  fun;  and  that  thus  the  attra6lion  of 
that  land  ouoht  not  to  vary  by  the  heat  which  emanates 
from  that  luminary. 

By  carefully  repenting  and  varying  thefe  obfervations,  in 
places  chofcn  with  difcernment,  we  ftiall  be  able  to  decide 
whether  the  regular  diurnal  variation  depends  upon  a  general 
caufe,  the  action  of  which,  however,  is  fufceptible  of  being 
fufpended  or  difturbed  by  local  caufes ;  or  whether  we  are  to 
believe,  on  the  contrary,  as  M.  \'an  Swinden  does,  that  the 
diurnal  variation  is  not  a  cx)rmic  phenomenon,  or  that  it  does 
not  depend  on  a  general  caufe  inherent  in  the  globe,  and 
which  every  where  ails  according  to  the  fame  law. 

ij.  Is  there  properly  any  action  of  the  magnetic  fluid  on 
the  electric  fluid  ?  or  is  there,  between  thefe  two  fluids,  only 
a  refemblancc  of  properties,  or  in  their  manner  of  action  ? 

9  10.  Is 
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Jo.  Is  it  well  aicertained,  as  M.  Van  Swinden  thinks,  that 
Jhe  aurora  boreaiis  a6ls  on  the  magnetic  needle  ;  and  can  any 
idea  be  tbrnied  of  the  mode  of  this  aiSliou  ? 

11.  The  fame  queftion  in  regard  to  the  zodiacal  light. 

12.  In  general,  the  theory  of  the  magnet  is  ftill  To  far  from 
perfection,  even  in  that  part  which  depends  merely  on  ob- 
fervation,  that  it  is  much  to  be  wifhed  that  ohfervers  and 
obfervations  were  multiplied,  efpecially  in  what  concerns 
the  inclination  of  the  needle.  In  regard  to  the  declination 
and  its  variations,  M.  Van  Swinden  has  given  a  noble  ex- 
aniple  of  correolncf^,  and  of  conftancy  in  obfervations,  and 
in  the  art  of  elafling  and  comparing  the  rcfults.  It  would 
be  of  great  beneHt  if  this  example  were  followed  in  different 
lituations  and  climates.  It  would  be  highly  interefting,  for/ 
inftance,  to  determine,  with  preciiion,  the  zones  of  the  earth 
where  the  declination  is  nothing,  and  where  changes  take 
place, ^and  the  fame  for  the  inclination. 

[To  be  continued.] 


VII.  On  the  F.fflds  produced  on  different  Kinds  of  Stones  by  the 
f'lipour  of  the  Fluor  Acid.    By  M.  KoRTUM  of  If^arfazv  * . 
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.AVING  employed  myfelf  in  engraving  on  glafs  by 
means  of  the  floor  acid,  aud  having  obferved  that  forae 
pieces  of  the  glafs  I  ufed  were  more  fufceptible  of  beino- at- 
tacked,by  it  than  others,  I  refolved  to  tr)'  the  effeils  of  this 
acid  on  different  kinds  of  vitreous  ilones.  Conceivino;  that 
the  figures  would  be  corroded  with  more  iieatnefs,  the  lefsthe 
filiceou5  earth  contained  in  the  ftones  was  mixed  with  fo- 
reign matter,  I  expofed.a  very  bright  piece  of  rock-cr\-fta], 
from  Swiflerland,  at  a  temperature  of  18  Reaum.  for  twentv- 
four  hours,  to  the  vapour  of  the  fluor  acid  ;  and  found,  con- 
trary to  my  expectation,  that  no  impredion  was  made  upon 
it.  I  repeated  the  experiment,  doubling  the  temperature 
and  the  time  of  expofure;  but  the  ftone  did  not  lofe  any 
of  iti  fplendor.     It  is   well  known   that  pure  rock-cryftal 

*  From  /'i/Z^'/'s  Mrjazirfur  de".  r.eurjtsn  xujiar.d  dcr  r.aturkuruie,  Vol.  f. 
fur:  y 
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differs  from  the  coloured  kinds  by  this  circumftance — tfiat 
by  cxpofure  to  heat,  the  former  undergoes  no  change,  whild 
the  greater  part  of  the  latter  do.  It  is  equally  well  known 
that  the  action  of  the  fluor  acid  on  glafs  is  increafed  by  heat.  Ill 

In  order  that  I  might  begin  a  feries  of  comparative  expe- 
riments in  this  rclpect,  I  expofed,  for  thirty-fix  hours,  at  a 
temperature  of  40°,  a  ruby,  fapphire,  leuco-fapphire,  eme- 
rald. Oriental  garnet,  amethyft,  chryfolite,  avanturine,  gi- 
rafol,  a  Brafiliau  topaz  burnt,  a  Saxon  topaz  raw,  and  an 
opal ;  but  after  being  taken  from  the  apparatus,  they  feemed 
as  little  injured  as  the  pure  tranfparent  rock-cryftal  oi  the 
firft  experiments 

The  diamond,  which  by  its  combuftibility  fiicws  itfclf  to 
be  a  peculiar  genus,  did  not  fuffcr  the  leaft  change  after  four 
cays  expofure  to  the  vapour  of  the  fluor  acid ;  the  apparatus 
being  placed  on  k  common  German  rtove. 

Polilhcd  granite,  being  expofed  to  the  vapour  for  three 
days  on  a  Hove  as  before,  neither  the  quartz  nor  the  mica 
feemed  to  have  been  attacked.  The  feld-fpar,  liowever,  at- 
tracted my  attention ;  being  opaque  and  muddy,  and  co- 
vered v/ith  a  white  pov.dcr.  T  therefore  repeated  tlic  expe- 
riment on  a  thin  fragment  of  feld-fpar  of  a  reddifl)  colour^ 
noting  its  weight,  which  was  38  grains;  and  found  it  to  be 
Z\-  grains  lighter.  The  Hone  had  alfo  become  whitifl)  and 
friable  at  tlie  furface,  exactly  as  when  in  a  natural  Hate  of 
efHorefceucc. 

The  diifercnt  fpccies  of  flints,  mixed  with  foreign  earths, 
are  more  or  lefs  fufible.  But  as  this  difference  is  not  exa6lly 
in  proportion  to  the  quantity  of  the  earths  mixed  witli  them, 
the  proper  explanation  of  the  phenomenon  miiH  be  fouirht 
for  in  the  different  degrees  of  affinity  which  thefe  kinds  of 
earth  have  for  caloric. 

Figui-cs  traced  out  on  the  following  ffones  through  a  co- 
vering of  wax,  after  being  expollsd  for  twenty-four  hours  to 
the  vapour  of  the  iluor  acid,  the  apparatus  being  placed  on 
the  Hove,  were  all  found  10  be  etched  :  Chryfopras,  Hunga- 
rian opal,  onyx,  Perfun  cornelian,  agate,  chalcedony,  green 
Siberian  jafper,  common  flint.  On  the  chryfopras  the  cor- 
rofiou  was  above  half  a  Ime  in  depth.     In  thofe  places  tiie 

orreeii 


!>'  the  Vapour  of  the  Fluor  Acid.  31. 

green  colour  of  the  ftone  had  difappfared,  and  the  cavities 
were  filled  with  a  white  powder.  The  (trokes  of  tlie  figures 
■were  cxprcfTed  with  the  greatcft  finenefs  and  regularity  on 
the  opal ;  and  the  lines,  in  the  like  manner,  were  filled 
with  a  white  powder.  The  onyx  exhibited  the  contours 
very  clearly,  and  the  etching  was  pretty  deep  :  the  powder 
■with  which  they  were  filled  was  likcwife  white.  On  the 
cornelian  the  figure  was  in  part  etched,  and  filled  with  white 
powder;  in  part  there  was  only  a  white  cfflorefcence,  though 
ftill  coinpaft  and  entire.  The  agate  and  chalcedony  were, 
on  the  other  hand,  corroded  white,  but  \Qxy  unequally:  here 
3nd  there  cavities  were  formed,  each  of  which  was  lined 
with  a  white  compa6l  fubftance.  The  green  jafper  was  cor- 
roded very  unequally,  but  almoft  to  as  great  depth  as  the 
chryfopras.  Some  parts  which  remained  compa6l,  and  which 
were  only  as  it  were  efHorefced,  had  lo(l  their  green  colour 
and  become  white. 

Flint.  The  uncovered  part,  of  a  bright  browii  and  fome- 
what  tranfparent  fpecimen,  liad  become  totally  white,  but 
was  never thelefs  compact.  As  I  had  covered  the  flonc  with 
wax,  leaving  a  fmall  fpot  bare,  without  delineating  any  re- 
gular figure,  I  obferved  that  the  cfflorefcence  had  begun  at 
the  edge  of  the  wax,  and  proceeded  thence  to  the  centre  in 
fuch  a  manner  that  the  white  contour  thereby  produced  re- 
fembled  an  imperfect  figure  of  a  fortification,  while  the 
inner  fpacc  was  only  partially  efflorefced,  and  (till  grey,  bul 
interfperfed  here  and  there  with  whit;^  points.  To  free  the 
ftoae  from  the  wax,  I  walhed  it  in  fpirit  of  wine.  The  white 
figure  then  gradually  difappeared  :  in  half  a  minute  nothing 
of  it  was  to  be  feen ;  and  the  thin  fragment  feemed  tranf- 
parent as  in  its  native  ftate.  When  it  became  drv,  how- 
ever, the  opaque  white  figure  again  made  its  appearance. 
After  moiftening  and  dr^ang  it  feveral  times  in  fucceflion 
the  revival  of  the  natural  colour  and  opacity  became  alwar.^ 
jnore  perfeft,  and  the  white  cfflorefcence  remained  vifible 
when  wet.  As  all  thefe  cH'ecls  were  produced  by  water  and 
other  liquids  as  well  as  by  fpirit  of  wine,  as  I  afterwards  re- 
piarked  on  other  fpecimens,  thefe  phenomena  of  the  flint  had 
a  grea<  fmiilarity  to  the  change  produced  iu  tlic  colomr  of  the 

opal. 
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«pal,  and  its  becQming  tranfparent  in  water.  I  found  meane 
to  ftop  the  a<^ion  of  the  fluor  acid  on  a  cornchan  and  a  dark 
brown  jafper,  at  that  flage  of  the  procefs  when  the  ftone  was 
fHli  compact,  and  the  colours  only  whitened.  In  watc*  both 
thefe  (lonta  recovered  their  natural  colour,  and  when  dry 
became  again  white. 

I  expofed  another  opaque  and  almoft  black  piece  of  flint, 
with  efflorefccd  white  points,  and  the  ufual  white  cru(l, 
without  any  covering  of  wax,  at  the  ufual  ftovc-heat  of  about 
16^,  to  tlie  vapour  of  the  fluor  acid  for  five  days  in  my  ap- 
paratus. At  the  end  of  that  period  it  had  loft  almoft  i-8tb 
of  its  weight;  for  it  was  reduced  from  103  to  91  grains,  and 
tvas  thoroughly  white,  fo  that  the  found  parts  of  the  nucleus 
had  entirely  the  appearance  of  the  efflorcfced  cruft.  Some 
parts  were  friable  ;  and  I  at  the  fame  time  remarked  that  the 
parts  of  the  nucleus,  already  naturally  efflorefced,  as  wdl  as  tho 
craft:,  were  much  lefs  a6led  upon  than  the  found  black  parts. 

It  is  foxmd  alfo,  that  in  regard  to  the  natural  eftlorefccnce 
of  Sints,  the  efflorefced  cruft  fen'es  the  found  nucleus  as  a 
cover  to  defend  it,  and,  by  thefe  means,  retards  the  total  de- 
compofition  of  the  (lone.  Some,  from  this  cruft  being  formed 
of  feemingly  foreign  materials,  which  is  fometimes  confi- 
dered  as  lime  and  fometimes  as  clay,  and  wliich  in  common 
rciembles  both,  have  deduced  too  much,  in  regard  to  the 
formation  of  flints,  when  they  expla'm  the  phenomenon 
by  feparation  and  fuccefllve  hardening  from  one  of  thefe 
kinds  of  earth.  To  judge  from  the  above  experiments,  this 
cruft  is  not  properly  the  matrix,  but  a  rcfult  fram  the  de»  i 

compofition  of  the  ftone  itfclf. 

Th«  efflorefcenee  of  fcld-fpar  into  a  granite-like  mixture 
is,  wj^th  juftice,  confidercd  as  a  vcr)'  remarkable  geological 
phenomenon,  as  it  announces  an  endlcfs  ferics  of  the  total 
decompofition  of  the  prefcnt  eoinbinations.  The  ftitccflive 
degrees  of  the  decumpofilion,  by  means  of  thefe  exper'uncntSj 
mav  be  exhibited  with  a  fmall  and  v^ry  Ample  apparatus. 
Turmabn  from  the  iiland  of  Ceylon,  and  Zillevthal  in  Tyrol, 
green  and  black  eolumnar  fchor),  and  oHve-coloured  horn- 
blende, after  twenty -four  hours  expctfure,  had  experienced  no 


change. 


White 
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■  White  Carara  marl:)l<?,  \\\  a  rcnipcralurc  of  icP,  lofi,  in 
twcntvj^four  hour?,  Vo  of  '^^  weight  ;  but  ftill  tlie  (liiniiig 
furfjce  of  its  crvflallifed  texture  was  diftinguiOiablc.  A\''eak 
fulphureous  acid  dilfolved  one-fourth  grain  out  of  forty- 
live;  while,  of  another  fragment,  of  18  grains,  \\  grain 
was  (jiflblved  in  the  fame  time.  Black  marble  fuflered 
no  lofp,  either  in  its  colour  or  weight.  Agate  was  not 
attacked. 

Lamcllatcd  tranfparent  g\'pfum  fell  into  white  powder  on 
tlie  furface,  after  being  expofed  for  a  few  hours  in  the  appa- 
ratus to  the  common  heat  of  the  rtove,  and  the  lofs  of  its 
weight  amounted  to  ,V.  This  powder  was  not  foluble  in 
diluted  nitrous  acid.  From  this  it  appears  that  the  vaponr 
of  the  fluor  acid  did  not  dedroy  the  combination  of  the  cal- 
careous earth  and  the  fulphureous  acid^  but  only  abftractcd 
tile  gvpfum  from  its^rater  of  crvftallifation. 

As  the  zeolite,  among  the  filiceons  flones,  contains  the' 
grcateft  quantity  of  the  water  of  cryftallifalion,  as  the  g\'pfum 
docs  aniongr  the  calcareous,  I  expofed  102  grains  of  ftriated 
zeolite  at  the  ftovc  temperature.  In  forty-eight  hours  I 
found  its  furface  friable,  and  its  weigiit  only  85'-  grains ;  con- 
fcquently  ^  lefs.  When  immerfed  in  water,  and  again  dried, 
it  had  increafed  2'.  It  now  weighed  88  grains,  but  did  not 
recover  its  fplendour.  On  the  tin  plate,  to  which  the  ftone 
had  been  fallened  with  wax,  I  obferved  near  the  latter  a  white 
powder,  which  had  the  appearance  of  fomething  volatilifcd 
from  the  ft  one.  I  poured  over  the  frothy  cake  of  fparr\-  fiuor 
powder  and  fulphurous  acid  a  little  water,  and,  after  fome 
hours,  found  the  inner  fides  of  the  apparatus  of  tin  plate 
coyered  with  a  beautiful  filkv  fubftance,  of  the  brightnefs  of 
mother-of-pearl,  which  was  perfeclly  like  that  oT  the  zeolite 
in  its  natural  ftate.  But  as  I  afterwards  remarked  the  lame 
appearance  of  a  fplendour  like  that  of  mother-of-pearl,  after 
expofino-  other  ftones  in  the  fame  manner,  it"  is  not  to  be 
afcribed  to  the  zeolite  exclufively.  On  the  contrary,  I  rather 
conikler  it  as  an  imperfecl  calcination  of  the  tin ;  as,  bv  a 
quicker  d'rfengagement  of  the  fiuor  acid,  it,  or  a  mixture  of 
it  with  fulphurous  acid,  may  accpire  the  property  of  attack- 
ing tin. 

Baryte=!,  of  a  fibrous  texture,   yvhen  expofed  V>venly-four 
^'oL.  V.  F  hours 
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hours  in  the  ftove-heat,   remained  unchanged,  and  had  ix^' 
tained  no  lofs  of  its  weight  or  its  fplendour. 

That  I  might  not  leave  magnefian  ftonc  unexamined,  I 
expofed,  for  forty-eight  lK)urs,  at  the  ftove-heat,  a  thai  plate 
of  Venetian  talc  weighing  124  grains.  After  tiie  experiment 
it  weighed  only  81  grains,  and  had  therefore  dccreafed  in 
weight  more  than  j  :  it  had  alfo  fallen  into  a  foft  tender 
powder,  which  floated  on  water,  and  had  the  appearance  of 
magnefia.  I  poured  water  on  the  rcfiduum  in  the  appa- 
ratus, and  found  next  day  the  fides  incnifted  with  fmall 
crvllalline  glittering  flakes,  adlicring  in  detached  mafl'es, 
which  could  not  be  wafhed  off  with  diluted  nitrous  acid. 
Though  thcfe  may  have  been  real  magnefiari  fait,  they  feem, 
however,  to  throw  fome  light  on  the  crvllallifation  of  ftones. 
Bergman  had  before  obferved  the  fiiiceous  crvfiallifation 
formed  in  diluted  fiuor  acid,  which  had  flood  a  long  time 
at  reft  over  powder  of  filcx. 

Among  the  various  hypothefes  rcfpecting  the  formation  of 
granite,  and  ftones  in  general,  that  which  fuppofes  the  an- 
cient ocean,  fo  much  fpoken  of  by  modern  geologues,  to 
have  coniiircd  of  a  fluid  totally  difiercnt  from  that  of  our 
fea-water,  and  of  which  the  latter  may  be  only  the  rcfiduum^ 
is  not  the  moll  improbable.  In  my  experiments,  about  50 
grains  of  the  powder  of  fparry  fluor,  mixed  with  as  much 
concentrated  fulphurous  acid  as  was  equal  to  the  fpace  oc- 
cupied by  the  powder,  was  put  into  a  tin-plate  box,  and  the 
latter  into  another  of  the  content  of  about  20  fquare  inches; 
to  the  lid  of  which,  of  flrong  tin-plate,  I  fattened,  with  wax, 
the  fpecimens  to  be  tried,  and  fliut  the  whole  fo  as  to  be 
air-tight.  After  expoflng  various  kinds  of  itones  for  fourteen 
days  I  found  the  inner  fmall  veflel  in  part  corroded,  and  on 
the  exterior  fides  a  moifl,  weakly-adhering  fait,  cryftallifed 
in  a  confidcrable  quantitv,  which  at  firft  I  confidered  as  a 
mixture  of  iron  and  fluo-fulphat  cf  lead,  tin  being  feldom 
worked  pure,  and  the  folder  having  bes^un  to  give  way.  It 
is,  however,  pollible  that  fome  tui  may  have  been  diflolved 
by  the  two  acids  combined.  I  diiiblved  fome  of  this  vitriol 
in  diflilled  water,  and  dropped  into  it  fome  fpiritous  tincture 
of  galls.  The  liijuor  became  of  a  beautii'ul  indigo-blue  co- 
lour, uiflead  of  black  or  purple  as  I  expecled  3  and  a  very 
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light  precipitate,  of  the  fame  colour,  was  depofited  at  the 
bottom.  A  folution  of  nuirlate  of  harytes  being  dropped 
into  the  blue  liquor,  gave  a  white  precipitate,  like  rco-cnerated 
barj'tic  fpar,  wiilmut  changing  the  blue  colour  of  the  firft 
light  precipitate,  which  remained  like  a  flimv  fubftance  float- 
ing on  the  other,  nor  the  clear  liquor  :  and  the  latter,  after 
having  ftood  feveral  years,  appears  as  deep  a  blue  as  can  be  pro- 
duced bv  ammonia  from  a  folution  of  copper.  The  blue  (lime 
Was  found  fit  for  a  pigment,  but  far  inferior  to  Pruflian  blue. 

On  this  occafion  I  recolle6led  the  blue  colour  of  lapis  la- 
zuli, which  Marggraf  afcribcs  to  iron,  and  in  which  Rin- 
Inann  found  fluor  acid.  This  fione,  after  two  days  expofure, 
remained  unattacked,  and  its  colour  unchanged.  If,  how- 
ever, it  is  clafled  amono;  the  family  of  the  zeolites,  it  is,  at 
any  rate,  of  a  changed  nature  ;  for  the  latter  are  eafily  a6ted 
upon  by  the  vapour  of  fluor  acid. 

According  to  Bergmann,  filiceous  earth  is  not  foluble  in 
pure  carbonic  acid  gas;  but  it  is  obferved  in  common  life,  in 
places  where  ammoniacal  gas  as  well  as  carbonic  acid  eras 
are  difengaged  in  abundance;  fuch  as  dunghills,  green- 
houfes,  prifons,  cattle-ftalls,  and  foap  manufd6lorios.  Sec. 
that  the  glafs  in  the  windows  becomes  much  fooner  otiaqne 
than  in  apartments  wiierc  that  is  not  the  cafe.  The  cau'e  of 
this  is  owing  in  part  to  a  cruft  of  foreign  matter,  and  in  part 
to  a6tual  corrofion.  If  it  now  be  admitted  that  the  carbonic 
acid  gas  has  a  confiderable  fliare  in  producino;  the  effloref- 
cence  of  the  glafs  in  the  above-mentioned  places,  wc  niav 
aflame  this  effett,  under  certain  modifications,  in  regard  to 
the  natural  efflorefccnce  of  floncs ;  as  it  is  not  fo  much  a 
folution  of  the  earthy  bafcs,  as  a  feparation  of  the  crvftalline 
connection , 

Though  analogical  conclufions  from  chemical  refults  are 
of  little  valucj  tliev  have  led  me  to  the  follouino-  conjecture: 
As  the  fluor  acid  hitherto,  at  leaft  as  far  as  I  know,  has  never 
yet  been  analyfcd,  and  as  its  radical  is  unknown,  I  am  c  f 
opinion  that,  till  fomething  pofltive  is  learned,  \^e  uiav  admit 
that  fluor  acid  is  not  eflentially  different  from  carbonic  acid 
but  in  the  degree  of  oxygenation,  and  that  they  have  both 
one  radical,  viz.  carbon. 

F  0  viir.  jn 
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VTIT.  An  Eafj  and  Cheap  Method  of  preparing  Sal  AerafuSf 
(Carbonat  of  Pot-^jh.)  By  E.  x\.  Holyoke,  3/.  jD. 
of  Sale7n,  Mafjachujctts* . 


'AL  Aeratus,  or  the  fait  formed  of  vegetable  alkali  fatu- 
rated  by  fixed  air  (carbonic  acid),  is,  on  many  accounts,  fo 
ufeful,  that  a  coniinunication  of  an  eafy  method  of  preparing 
it  at  little  or  no  cxp.nce  may  be  beneficial.  The  following 
may  therefore  be  acceptable,  if  it  be  not  already  commonly 
known.  I  have  myfelf  prepared  this  fait  for  ten  or  twelve 
vcars  paft  in  this  \vay,  and  it  is  now  kept  in  our  apothecaries 
111  ops. 

Take  a  large  wooden  box  f,  bore  eight  or  ten  holes,  half 
an  inch  in  diameter,  in  the  fide  of  it,  juft  below  the  lower 
cdo-c  of  the  cover,  at  nearly  ecpial  diftances  all  round;  bore 
alfo  as  many  holes  in  the  circular  bottom  of  the  box,  dole 
to  the  edge  of  it :  then  take  another  box  of  the  f;ime  kind, 
but  of  a  fmallcr  diameter  by  half  or  three  quarters  cf  an 
Inch ;  place  this  in  the  larger,  and,  to  keep  it  fteady,  thruft 
three  or  four  wooden  wedges  between  the  two  boxes.  The 
two  boxes  X  being  thus  prepared,  fill  the  inner  one  w  ith  the 
purcll  fait  of  tartar,  or  cleai'i  well-calcined  pearl-aflies,  or 
any  clean  pure  fixed  vegetable  alkali :  put  its  cover  on  the 
outer  box,  leaving  the  inner  one  uncoveied  ;  lling  this  double 
box,  thus  filled,  with  a  cord,  and  fufpend  it  in  a  diililler's 
vat  or  ciltern,  while  the  wafli  is  fermenting,  a  litile  above 
the  liquor,  or  in  an  empty  cilh^rn,  if  it  has  been  much  ufed, 
snd  ftill  retains  the  fixed  air  :  let  it  remain  in  this  fitualion 
for  fix  weeks  or  two  months,  or  longer  if  it  is  not  wanted  ; 
let  it  then  be  taken  out,  and  the  fait,  now  fully  faturated  wuh 
the  acid,  bc'expofed  to  the  fun  and  air  to  dry. 

The  fait  thus  prepared  does  neither  efBtjrcfce  nor  deliqucfce 

.    *  From  the  American  Medical  Rfpo^'ory. 

f  i  .iiake  life  of  a  commoa  cyiindrical  box,  about  nine  or  ten  inches 
jn  dia  ncter,  and  between  five  and  fix  inches  deep. 

+  The  defign  of  the  outer  box  is  merely  to  (Tcvent  any  (uft  oi  diit 
from  getting  into  the  fait,  while  the  holes  iu  it  fuJer  the  fixed  a.r  to  be 
freely  adm:tteJ. 
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in  llic  open  air,  and,  for  all  common  purpofe.-ij  is,  I  believe, 
e4iiial  to  that  prepared  by  cryftaililation. 

\'jfi\  Tlic  pearl-aflics  had  better  be  put  into  the  box  ia 
moderatc-fizcd  lumps  tlian  in  powder,  that  the  air  may  havi 
free  acccfd  to  it. 

But  if  any  choofe  to  have  this  fait  in  its  moft  perfect  form, 
let- him  proceed  in  this  manner  : 

Diilbh'c  as  much  of  the  clean  vecretablc  alkali  in  boiling 
rain  or  other  pure  water  as  poilible  ;  filter  the  folutioii 
through  paper,  pour  it  into  a  jar  of  ItoAe  or  earthen-wai-e, 
cover  the  vefl'el  in  fuch  a  manner  as  that  the  air  may  havt 
accef>  to  it,  but  fo  as  to  exclude  all  duft  or  foreign  mattei'. 
Let  it  be  hung  by  a  cord  in  a  fermenting  vat,  or  cittern,  for 
a  month  or  two,  in  which  time  a  great  many  crydals  \vi4I  be 
fonncd  ;  from  which  the  fuperfluous  liquor  mav  be  poured 
6ft",  and  the  fait  dried  in  11  ippocratesMleeve.  The  fupev- 
iluous  liquor  mav  be  again  faturated  with  more  alkali,  and 
again  expofcd  to  the  air  in  the  ciltern,  w  ithout  any  lofs.  This 
lait  is,  wiiho'.it  doubt,  the  moll  peifciil  niode  of  preparalioii, 
and  I  have  fomctimes  made  ufe  of  it ;  but,  as  it  is  much 
more  troublefome  to  make  than  the  other,  and  as  the  other, 
for  all  medicinal  purjx){es,  is  perhaps  equal  to  this^  I  ha\e 
for  the  molt  part  employ<?d  it. 

This  fait  is  much  more  tolerable  to  the  palate,  and  may- 
be taken  in  larger  dofcs  than  the  naked  alkali  ;  and  as  it  is 
decompounded  by  vegetable  acids  as  well  as  the  mineral,  it 
mav  be  exhibited  inltead  of  the  alkali  in  perhaps  every  cafe 
where  the  latter  is  proper^  unlefs  the  fixed  air. is  judged  im- 
proper. 

It  is  much  fuperiorto  coiiimon  alkali  in  forming  Rive^;n^'^ 
anti-emetic  effervefcing  draught,  as  it  contains  a  much  larger 
■proportion  of  fixed  air  (in  which  the  principal  virtue  of  that 
medicine  is  fuppoled  to  refide)  than  the  mikielt  fixed  alkali, 
and  is  at  the  fame  time  much  more  pa.aTablc. 

I  commonly  direct  about  5  ii,  or  rather  more,  of  this  fait 
to  be  diflTolvcd  in  5  iii  of  fair  \vater;  a  large  fpoonful  of  this 
folution,  added  to  the  fame  quantity  of  good  vinegar,  or 
lemon-juice,  at  the  inftant  of  fv/al lowing  it,  makes  an  agree- 
able dofe.  But  the  tafte  of  this  folution  is  fu  niUd,  that,  if 
9  the 
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the  prefcriber  choofcs,  a  fpoonful  of  it  may  be  fwallowea 
alone  firft,  and  as  nnich  vegetable  acid  immediately  upon  it, 
ti\  which  cafe  none  of  the  gas  will  be  loft. 

When  aciditv  abounds  in  the  firft  paffages,  a  little  of  thi^ 
fait  added  to  any  bitter  infufion,  or  the  dry  fait  added  to 
powder  of  columbo,  or  any  peptic  powder,  is  an  eficiirtual 
antacid. 

In  calculous  cafes  this  fait  is  recommended  by  writers, 
particularly  by  the  celebrated  Dr.  Cullen  in  his  Materia 
Medica,  Vol.  II.  ch.  i  j.  as  being  an  happy  expedient  for 
conveying  larger  quantities  of  alkali  into  the  ftoniach,  than 
it  can  bear  in  its  natural  Itate. 

Hitherto  the  common  mode  of  pteparing  the  fait  for  this 
purpofe,  I  believe,  has  been  by  impregnating  a  folution  ot 
lixed  alkali  with  fixed  air,  by  means  of  Dr.  Nooth's  ma-^ 
chine;  but  any  one  who  has  prepared  the  medicine  in  bofft. ■♦ 
x\'ays,  will  readily  give  the  nioft  decided  preference  to  that 
above  dcfcribed,  on  account  both  of  cafe  and  cheapnefs. 

It  is  fcarcely  worth  mentioning,  that,  for  oeeonomical  pur- 
pofes,  fuch  as  promoting  fermentation  in  dough  for  bread 
or  cakes,  where  pearl-afhes  is  commonly  employed,  the  fal 
aeratus  is  much  to  be  preferred,  on  account  of  the  much 
larger  quantity  of  fixed  air  eliminated  in  the  procefs. 


.IX,  Commtin'icaUon frovi  Capel  Lofft,  l^Jq.  reJ-pcB'ing  thi 
late  Meteor  and  the  prcjl-nt  Ccmit, 
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To  the  Edito}-  of  the  Vhilofophical  Magazine. 
SIR,  Trrjlonf  near  Bury,  SvJ^olk, 


BSERVING  an  account  of  the  Meteor  of  Sunday 
Sept.  22,  in  p.  434  of  your  lad  Number,  I  trouble  you  with 
an  account  of  it  as  obferved  here. 

I  was  looking  on  that  evening  {^)t  the  comet,  which  I  ex- 
pected to  liave  fecn  between  the  Northern  Crown  and  the 
confi:ellation  of  Hercules.  This  being  about  half  patl  eight, 
my  eye  confequenlly  was  then  direftcd  weftward.  The  flcy  was 
clovidy  and  milty :  very  {ew  lUrs  appeared.  Suddenly  my  at- 
tention 
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"tentlon  was  called  off  from  its  immediate  objccl  by  a  nioft 
"\ivid  refleCiiou  ol"  light  from  ihc  clouds  of  that  part  of  the  Iky; 
as  if  full  day  had  fprung  on  mc  iniiantaneuudy.  i  iinmcui-» 
atciv  turned  round  to  diftovcr  whence  it  proceeded,  and  faw 
a  mod  luminous  body,  apparently  ccjual  (or  larger)  to  the  fulj 
|iioon  when  (lie  appears  grcateft,  but  certainly  very  much 
"brighter.  It  was  of  an  exceedingly  fplx^ndid  gold  colour, 
and  round,  except  to  the  wcrt,  where  it  was  of  a  llrong  red, 
drawing  off  to  purple,  and  its  edge  ill  defined,  and  rather 
une»]ual.  It  was  about  12  or  15°  high,  and  almoft  cxaftly* 
in  the  meridian.  It  feemed  nearly  ftaiionary ;  but  what 
little  motion  it  had,  tending  to  the  horizon  nearly  at  a  right 
angle.  In  about  three  or  foiu"  feconds  it  difappeared,  as  if 
linking  behind  the  clouds :  I  obfcrved  no  fparkles,  nor  any 
luminous  train  left  behind  it,  nor  anv  cxplofion.  It  was 
fecn  by  many  at  Bury,  and  was^  alfo  {^^w  at  Norwich,  and  at 
Cromer  on  the  coall  north-ead  of  Norwich.  Thirty-five 
minutes  pafl  eight  was  the  time  I  minuted  of  its  appearance: 
but  I  had  not  then  correfted  my  watch  by  an  obfcrvalion  of 
the  fan  on  the  meridian,  for  many  days  pieccding.  It  might 
be  about  eight  or  ten  feconds  (as  I  did  not  find  it  immedi- 
ately, the  reflection  being  very  widely  extended)  between 
my  fird  being  llruck  with  the  refieiled  light,  and  the  difap- 
pearance  of  the  meteor.  Near  Norwich  it  was  obferved  to 
throw  out  red  fparks,  or  globules,  as  in  Kent ;  and  was  no- 
ticed to  be  of  a  very  white  light:  and  the  ditlerent  colour 
of  its  light  may  be  naturally  referred  to  different  ffates  of 
combuftion,  and  partly  to  different  Itrata  of  atmofpherc 
through  which  it  palled. 

I  d^o  not  at  prefent  learn  it  has  been  feen  anv  where  much 
wcltward  of  the  line  which  thcfe  feveral  obfervations  indi- 
cated. It  feems  to  have  been  very  low ;  and  if  more  ob- 
fervations could  be  collecled  and  compared,  it  would  pro- 
bably be  found  to  have  a  very  confiderable  parallax,  and  its 
altitude  and  ma<initude  might  be  determined,  efpeciallv  if 
obfervations  could  be  had  eaft  and  well  of  this  line.  But  it 
does  not  feem  to  have  been  feen  at  London,  Peterborough, 
Oxford,  or  Lincoln ;  or  e\en  at  Cambridge,  though  fo  very 
litllc  well  of  the  places  where  it  was  fecn^  Vet  it  was  fcarcely 
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poilihle  to  have  been  not  fecn  bv  any  peiTon  who  n-as  mii*, 
itWithin  the  limits  of  the  fenfiblc  horizon  which  circum- 
feribed.  it.  This  fcenis  a  ftrong  prefmnption  that  it  niuft 
hf7ve  been;  uncommonly  low  indeed.  Very  few  ftars  being 
tlSen  vifiblc,  it  was  not  ealy  to  come  to  much  accuracy  as 
tO'  its  apparent  path. 

Meteors  have  abounded  lately.  I  faw  two  vcn,-  bFilIiant» 
Ijnt  fmall  ones,  in  one  night,  and  within  three  mi-nutes  ot 
time  of  each  other ;  one- between  the  Nortlicrn  Crown  and 
BooteSy  and  the  other  betweeri  the  Crown  and  Hercules. 
Thj&  form<?r  appeared  about  the  fize  and  brightnefa  of  Venus. 
And  Oil  tlie  id,  at  about  twenty  minutes  pall  ten,  another, 
which  was  in  the  field  of  my  night-telefeope  with  the  comet: 
b^fule  many  fmaller,  ufually  caWo-dJ/joo/ing  Jlars. 

The-  laft  time  the  weather  has  pcrniitt^d  me  to  fee  the 
comet,  was  Oc\obe.r  4,  at  twenty-five  minutes  pad  ten,  to  » 
very  few  minutes  of  its  fetting.  I  thought  its  nucleus  very 
difccrnlblcy  and  the  extent  of  its  coma  rather  increafcd. 
Fpoaii  its  then  appearance  I  fhould  hope,  if  the  weather  la- 
votirs,  it  will  be  tracvd  down  to  its  node  ;  which  feems  likely 
to  be  in  17  or  18  of  Sagittarius  ;  and  that  it  nvj.y  Itill  be 
viiible  for  a  fortnight  from  this  time. 

I  remain  yours  fmccrely, 

CAPEL  LOFFT. 

P.  S.  It  is  v>-orc!iy  of  inquiry  and  obfcrvation,  \\heth.er 
nearly  all  the  very  large  meteors  have  not  been  fecn  in  or 
jicar  the  magnetic  meridian,  as  an  acute  and  attentive  phi- 
k)fophical  cblervcr  thinks  to  be  the  fa<il. 

X.  T)efcr:pt'iQn  of  a  BLiJi-Vurnace  for  frtclt'ing  Iron  from  the 
Ore,  ivitb  that  Part  cf  the  BIoxving-Machinc  irnmcd'iatrlji 
connected  "unlb   it.      By  Mr.  David  Mushet,   of  the 

Clydi  iron-li'orks,      Conununicutid  by  the  Author, 

Jl    IGURK  I,  (Plate  T.)  reprefents  a  blad-fumace,  with  part 
of  the  blowing-machine. 

A,  the  reg\ilatin^  r^-linder,  eight  feet  diameter  and  eight 
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/eet  IiIl!;]!. — jJ,  the  floating  pifion,   loaded  with  weights  pro- 
portionate to  tlie  power  of  the  machine. — C,  the  valve,  by 
\vhich  the  air  is  palled  from  the  pumping  cyHnder  into  the 
reirulator  ;    its  length   26  inches,  and  breadth  11  inches. — 
D,  the  aperture  by  which  the  blaft  is  forced  into  the  fur- 
nace.   Diameter  of  this  range  of  pipes  18  inches.   The  wider 
thefc  pipes   can  with  convenicncv  be  ufed,   the  lefs  is  the 
friction,  and  the  more  powerful  are  the  effects  of  the  blaft. 
— E,   the  blowing  or  pumping  cylinder,  fix  feet  diameter, 
nine  feet  high  :  travel  of  the  piiton  in  this  cylinder  from  five 
to  i'cxQn  feet  pt^r  flroke. — 'F,  the  blowing  piiton,  and  a  vievv 
mf  one  of  the  valves,  of  which  there  are  fometimes  two,  and 
fometimes  four,   diftributed  over  the  furface  of  the  piftoil. 
The  area  of  each  is  proportioned  to  the  number  of  valves  : 
commonly  thcv  are  12  +  16  inches. — G,  a  pile  of  folld  ftone 
bulldinnf,   on  which   the    regulating   cylinder  reft?,    and    to 
which  the  flanch  and  tilts  of  the  blowing  cylinder  are  at- 
tached.— H,  the  fafety-valve,  or  cock ;  by  the  fimple  turning 
of  which  the  blaft  may  be  admitted  to,  or  fliut  otT  from  the 
furnace,  and  paffed  off  to  a  collateral  tube  on  the  oppofite 
fide. — I,  the  tuvere,   by  which  the  blaft  enters  the  furnace. 
The  end  of  the  tapered  pipe,  which  approaches  the  tuyere, 
receives  fmall  pipes  of  various  diameters,  from  two  to  three 
inches,  called  jiofe-pipes.     Thefe  are  applied  at  pleafure,  and 
as  the  fb-ength  and  velocity  of  the  blafl  may  require^ — K,  the 
bottom  of  the  hearth,  two  feet  fquare  •^— L,   the  top  of  the 
iicarth,  two  feet  fix  inches  fquare. — KL,  the  height  of  the 
hearth  fix  feet  fix  inches. — L  is  alio  the  bottom  of  the  bofhes, 
which    here  terminate  of  the   fame  fize  as  the  top  of  the 
liearth  ;  only  the  former  are  round,  and  the  latter  fquare. — 
M,  the  top  of  the  boflics,   12  feet  diameter  and  eight  feet  of 
perpendicular  height. — N,  the  top  of  the  furnace,  at  which 
the  materials  are  charged ;  commonly  three  feet  diameter. 
— MX,  the  internal  cavity  of  the  furnace  from  the  top  of  the 
boflies  upwards,  30  feet  high. — NK,  total  height  of  the  inter- 
nal parts  of  the  furnace,  44'  feet. — 00,  the  lining.     Tills  is 
done  in  the  niceit  nMiincr  with  fire-bricks  made  on  purpofe, 
1]  inches  long  and  three  indies  thick.- — PP,  a  \  acancy  which 
is  left  all  round  the  outfide  of  the  firft  lining,  three  inches 
broad,  and  which  is  beat  full  of  coke-dult.     Tliis  fpace  is 
Vol.  \'.  G  ulkjwed 
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allowed  for  any  expanfion  which  might  take  place  in  confe- 
quence  of  the  fwclling  of  the  materials  by  heat  when  dc- 
fcending  to  the  bottom  of  the  furnace. — QQ,  the  feconcl 
lining,  fimilar  to  the  firft. — R,  a  caft  iron  lintel,  on  which 
the  bottom  of  the  arch  is  fupportcd. — RS,  the  rife  of  the 
arch. — ST,  height  of  the  arch;  on  the  outfide  14  feet,  and 
18  feet  wide. — VV,  the  extremes  of  the  hearth,  ten  feet 
fquare.  This  and  the  bofli-ftones  arc  always  made  from  a 
coarfc  gritted  freeflone,  whofe  frafture  prefents  large  rounded 
grains  of  quartz,  connefted  by  means  of  a  cement  lefs  pure. 

Figure  ?,  reprefcnts  the  foundation  of  the  furnace,  and  a 
full  view  of  the  manner  in  which  the  falfe  bottom  is  con- 
ilruaecb 

AA,  the  bottom  ftones  of  the  hearth.  B,  ftratum  of 
bedding  fand.  CC,  palfages  by  wliich  the  vapour,  which 
may  be  generated  from  the  danip?,  are  pafi'ed  off.  DD,  pil- 
lars of  brick.  The  letters  in  the  horrzcntal  vie\v,  of  the  fame 
flffure,  corrcfpond  to  fimilar  letters  in  the  dotted  elevation. 

Figure  3,  AA,  horizontal  fe6tion  of  the  diameter  of  \\\t 
boflies,  the  lining  and  vacancy  for  l\uffittg  at  M.-  C.,  view 
iyf  the  top  of  the  hearth  at  L. 

Figure  4,  vertical  fide-fectjort  of  the  hearth  and  bofhes ;; 
fliewing  the  tymp  and  clam-ftones,  and  the  tymp  and  dam- 
plates,  a,  the  tymp-ftone.  h,  the  tymp-platc,  which  is 
wedged  firmly  to  the  ftone,  to  keep  it  firm  in  cafe  of  fplitting 
by  the  great  heat. — c,  dam-ftone,  which  occupies  the  whole 
Ijreadth  of  the  bottom  of  the  hearth,  excepting  about  fix 
inches,  which,  when  the  furnace  is  at  work,  is  filled  every 
caft- with  ftrong  fand.  This  (lone  is  furmounted  by  an  iron 
plate  of  coiifiderable  thicknefs,  and  of  a  peculiar  fhape  <7, 
and  from  this  cali-jd  the  dam-plate.  The  top  of  the  dam- 
Uone  and  plate  is  two,  three,  or  four  inches  under  the  level 
of  the  tuyere  h'^lc.  'f"he  fpace  betwixt  the  bottom  of  the  tymp 
and  the  dotted  line  is  alfo  rammed  full  of  ftrong  fand,  and 
iometimes  fire-clay.  This  is  called  the  tymp-ftopping,  and 
prevents  any  part  of  the  blall  from  being  unnecelfarily  ex- 
pended. 

The  fquarc  of  the  bafe  of  this  blaft-furnace  is  38  feet; 
the  extreme  height  from  the  falfe  bottom  to  the  top  of  the 
crater  is  55  feet. 
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XF.  JLxtraSl  of  a  firJI.  Mt-moir  to  ferve  as  a  Natural,  Chf" 
mical,  and  Medical  Hijiorv  of  Huinaii  Urine ;  ivith  fame 
Avcf  Fafls  on  its  Analyjts  and  Spontaneous  Alteration.  By 
C.  FOUUCROY  £;«t/ VAUaUELIN  *, 

X  HERE  is  no  animal  matter  which  has  been  fubjec^cd 
to  more  examination  than  urine,  and  there  is  none  whicix 
has  fbniiflied  more  difeoveries  to  chemilts.  They  have, 
however,  confined  themlelves  chiefly  to  an  examination  of 
j)hofphats,  which  were  for  a  long  time  called  Fufible  Salts. 
JNIargratf,  Pott,  Schlofl^er,  Tlaupt,  and  Rouelle  the  younger, 
were  ahuoft  exciufively  occupied  with  them  from  the  time  of 
Boerhaave  to  Scheele.  This  great  attention  bellowed  on 
phofphatjj  arofe  from  the  intereft;  infpired  l)y  the  difcovcry 
of  the  phofphorus  of  urine,  and  the  ideas  which  the  alche- 
mills  had  propagated  refpe6ling  the  fingular  properties  of 
thefe  fults,  \\'hat  phyiicians  have  done  in  regard  to  human 
luiue  has  fcarcely  luid  any  relation  to  its  nature,  and  hau 
■fuppiied  too  much  to  the  ridiculous  pretenfions  of  empiri- 
cifm.  The  difeoveries  of  Scheele  put  an  end  to  the  inco- 
herence between  medical  obfcrvations  and  the  chemical  la- 
bours on  urine.  When  the  acid,  which  forms  tlic  greater 
part  of  the  urinarv  calculi,  or  the  uric  acid,  was  difcovered, 
as  well  as  the  acid  phofphat  of  lime,  the  formation  of  thefc 
calculi,  like  thofe  of  the  depots  of  the  precipitates  of  urine, 
became  much  cafier  to  be  comprehended  than  before ;  imd 
it  then  became  poffible  to  ellablilh  between  the  medical  ol)- 
fcrvations  on  urine  and  ils  nature,  better  afcertained,  that 
relation  which  ought  conftantly  to  have  been  the  phyfician's 
guide,  fmce  by  it  alone  he  could  be  furnilhed  with  any  exact 
light.  The  ufeful  Inferences  which  our  colleague  Berthollet 
has  drawn  from  the  examination  of  urine,  and  from  its  na- 
ture, more  or  lei's  acU,  in  gouty  affections,  arc  at  prefent 
well  knov.n. 

A  long  feries  of  experiments,  undertaken  by  C.  Vauquelin 
.ind  mylclf,  ou  animal  niatt^;s  in  general,  pr^fenled  to  us 
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lonfr  ncro  a  number  of  new  fafts  in  rej^ard  to  the  urine  of 
rnen  and  animals.  Our  new  analyfis  of  urinary  calculi  inr 
duccd  us  to  rcfume,  in  greater  detail,  an  examination  of  hu- 
man urine,  the  natural  fource  of  thefe  concretions.  The  re- 
fult  of  our  labour  on  this  liquor  we  communicated  to  ^he 
ftiftitute  in  the  fitting  of  the  iilh  of  Frimaire  this  year;  and 
J  fhall  here  give  a  fhort  accoun.t  of  it,  fufficient  to  make  it 
known,  and  to  prove  how  much  light  may  be  thrown,  by 
an  analyfis  of  this  kind,  ori  the  phyfical  nature  of  animals. 

I.  In  this  memoir  the  fmell  of  luiman  urine  is  firll  con- 
fidered  as  a  very  diftirict  and  charaGleriltic  property  of  this 
liquid.  In  urine  well  conftitutcd,  and  whcri  it  ilTucs  from 
the  bladder,  it  is  neither  the  odour  of  ammonia,  nor  of  an 
acid,  nor  of  the  violet :  it  is  evidently  aromatic,  and  de- 
pends entirely  on  a  matter  peculiar  to  urine,  which  makes 
it  to  be  what  it  is,  and  without  \yhich  it  would  not  be 
uririe. 

II.  The  orange  colour  of  uririe  is,  no  lefs  than  its  odour, 
a  property  which  exclufively  belongs  to  it,  and  which  is 
found  in  no  other  animal  liquid.  Being  fufceptible  of  many 
fhade?,  and  exceedmgiy  varied  degrees  in  its  intenfity,  as 
was  long  ago  obferved  by  Bellini,  it  is  indebted  for  this  va- 
riation to  the  very  variable  proportion  in  the  cflcft  of  the 
water  and  the  colouring  matter,  and  the  latter  is  the  fame 
that  gives  to  this  liquid  its  aromatic  oclour.  The  darkell 
coloured  urine,  either  naturally  or  by  artilicial  evaporation, 
afTiimes  all  poflible  fhades,  like  thofe  remarked  under  diffe- 
rent rircumftances,  by  the  addition  of  v/aler  onlv  in  various 
quantities.  Thus  the  fmelling  and  colouring  matter  of  urine 
is  very  foluble  iri  water. 

III.  The  authors  of  the  memoir,  in  treating  of  the  acrid 
and  ftrong  tade  of  human  urine,  remark  that  this  acridity 
is  not  merely  that  of  the  faline  fubftances  held  ir^  folutioii 
in  this  liquor,  which  only  modifv  it,  bv  giving  it  a  faline 
lafte.  The  durable  acridity  of  urine  depends  alfo  oti  thq 
matter  which  produces  its  Imell  and  colour.  It  varies, 
therefore,  like  thefe  two  properties,  which  it  follows  in  their 
intenfity  or  diminution.  When  phvfiologifts  afcribed  the 
(avour  of  urine  to  thefe  falts,  they  did  not  know,  or  did  not 
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pav  attention  to  the  Iniall  qinntltv  of  ilicm  in  propnition  to 
the  niafs  of  water  in  wliieh  they  arc  c'iilblved. 

IV'.  The  eonipoiient  materials  of  urine,  tlio  rmniUcr  of 
whieh  is  confiderable,  rc-act  on  eaeh  otiier  during  the  \>ro- 
ccfs  of  analvfing  them.  The  falls  contained  in  it  are  mo- 
dified, and  chaiiiie  their  nature  :  but  the  -property,  al)f)vc  ali, 
of  l)ecomin(;-  alealifed,  or  of  forming,  bv  its  Ipontaneou?  rd- 
teration,  animonia  and  carbonic  acid,  (a  prf)pcrty  which  i.^ 
developed  in  a  few  moments  in  an  elevated  temperature,  and 
which  has  made  it  be  confidcrcd  as  the  moll  alcalcicent  of 
all  the  animal  humours,)  is  the  fource  of  the  moft  fingidar 
chancres  in  its  nature.  Inftead  of  remaininjr  acid,  it  then 
turns  vegetable  colours  green;  it  produces  an  c{l'ervefcencc 
with  acids  when  poured  over  it;  it  chani^cs  its  colour;  it 
afllnncs  a  fetid  anmioniacal  fmcll  ;  it  depoiits  precipitates 
and  crvllallifed  falts  which  it  did  not  contain.  This  altera- 
tion begins  fometimcs  even  in  the  reins,  and  carries  with  it 
a  difpofition  to  form  calculi,  which  it  would  not  have  f(jrmed 
without  it.  It  depends  entirely  on  the  urinary  matter,  the 
caufe  of  its  odour,  its  colour,  and  its  fav(uu\ 

\\  It  follows,  from  the  preceding;  comlderation,  that  the 
analyfis  of  urine,  by  the  means  at  pretent  emploved,  mull 
have  given  many  uncertain  refults  ;  and  that  many  ern^rs,  ia 
this  refpeol,  mult  have  been  coir.mittcd.  The  aftion  of  Jlrc, 
which  fo  fpecdilv  and  fo  cafilv  alters  the  nature  of  bodies, 
changes  both  the  proportions  and  the  properties  of  its  pro- 
duftions.  Urine,  therefore,  mult  be  examined  at  the  mo- 
ment when  it  id'ues  from  the  1/ody ;  the  component  ])art.'» 
of  it  muft,  as  much  as  pollible,  be  fought  for  without  em- 
ploying fire ;  in  examining;  it,  re-agents  ought  to  be  uled, 
which,  as  in  the  analyfis  of  mineral  waters,  may  fcrve  ;& 
afccrtain,  at  the  moment  of  their  mixture,  the  matters  con- 
tained in  that  li(|uid.  The  phofphoric,  the  m-ic,  and  the 
rnuriatic  acids,  with  lime  and  ammonia,  have  already  been 
lliewn  in  it;  but  fciencc  is  as  yet  far  from  being  in  that  ad- 
vanced Hate  as  to  polTefs  the-  number  of  re-agents  neceflary 
for  this  kind  of  analyfis,  which  fiiil  requires  many  new  rc- 
fearches. 

yi,  Qur  refearches  on  the  means  of  analylis,  carried  mucH' 
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farther  than  any  before  undertaken,  have  been  attended  with 
no  other  fuccefs   than  to  enable  us  to  compare  the  pheno- 
mena they  exhibited  with  thofe  of  evaporation.     Thus  the 
tranfparency  of  turbid  urine,   and  the  concrete  flakes  preci- 
pitated during  the  evajwration  of  urine,   have  {liewn  us  that 
the  cauftic  alkalies,  and  the  precipitate  formed  by  the  tanning 
principle  in  the  liquid,  belonged  to  the  phofphat  of  lime  and 
a  gelatinous  animal  matter.     We  have  learned,  bv  the  fame 
comparative  procefs,  that  even  a  very  gentle  heat  formed  in 
urine  ammonia,  which  fpeedily  neutralifed  its  acidity  :  that 
its  colour  embrowned  by  evaporation,  and  its  abundant  cryf- 
tallifation,  on  cooling,  after  it  had  been  brought  to  the  con- 
liftence  of  fyrup,  depended  on  the  concentration  of  the  par- 
ticular matter,  the  common  fource  of  its  colour,  odour,  fa- 
vour,  and  its  other  chara£leriftic  properties :  that  the  fetid 
garlic  fmell,  and  the  cryftalline  form,  were  two  of  its  mod 
prominent  characters :    and,   in  the  laft  place,   that  as  all 
urine  evaporated   in  this  manner  forms  itfelf  into  a  mals, 
there  ought  to  be  found  in  this  mafs  the  conltituent  matters 
of  urine,  exxept  the  portion  of  ammonia  formed  and  vola- 
tilifed  by  the  evaporating  heat.     This  lamellated  cryftalline 
mafs,  treated  with  alcohol,  was  almod  entirely  diflblved,  and 
nothing  remained  but  a  little  of  the  grey  faline  fubllance 
which  the  water  feparated  from  the  phofphat  of  fod^  and 
ammonia,  and  a  little  phofphat  of  lime  and  uric  acid,  infor 
luble  in  the  liquid,  but  which  was  infulated  from  the  calca^ 
reous  phofpliat  by  the  ley  of  cauftic  n.l'^ali.     Thefe  falls,  and 
this  acid,  made  fonie  milliemes  onlv  of  the  wcii^bt  of  the 
urine;   while  the  matter   dilfolved   by  the.  alcohol  formed 
feme  centiemes.     The  latter  v.as  com  poled  of  a  little  muria^ 
of  ammonia,  benzoic  acid,  and  urinary  m:iiior  more  abun- 
dant than  all  the  reft.     Such  is  the  feries  of  our  analytical 
proceffes,  analogous  to  thofe  employed  on  the   refidues  of 
mineral  waters,  and  by  tlie  help  of  which   v.e  have  been 
able  to  feparate  the  ctjnllituent  matters  of  human  urine  more 
exactly  than  had  been  done  before. 

VII.  The  diftillation  or"  \uine,  though  confidered  as  well 
known,  prefented  to  us  fevcral  remarkable  fafts.  In  a  very 
gentle  faad-buth,  fre(li  uriuc  gives  water  very  amraoniacal 
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nnd  cr^-ftaHlfed  carbonat  of  ammonia  long  before  it  is  drv  : 
the  laft;  portions  of  water  obtained  eflcrvefce  ftrongly  with 
acids,  and  become  of  a  rofe-colour,  not  much  fufcejitible  of 
changing  in  the  open  air.  It  arifes  from  the  carbonat  of 
anmionia  which  the  liquid  produft  contains ;  and  urine  has 
a  fingular  difpofition  to  form  this  fait  in  great  abundance 
and  with  great  eafe,  as  is  proved  by  all  the  means  of  analyfis 
applied  to  it.  The  native  acid  of  the  urine  is  then  faturatcd  ; 
flakes  of  animal  matter  are  depofitcd,  as  well  as  earthy  phof- 
phats  and  the  uric  acid.  All  thefe  phenomena  continue  until 
the  predominance  of  the  carbonat  of  ammonia,  which  is 
formed,  becomes  very  manifeft.  They  take  place  at  a  con- 
tinued temperature  of  60^. 

VIII.  We  never  fiiw,  with  any  exaftnefs,  but  three  fa6ls 
in  regard  to  the  putrefaction,  or  Ipontancous  and  feptie  de- 
compofition  of  urine,  'ui%.  the  horrible  fetor  by  which  it  is 
accompanied  ;  the  formation  of  a  great  quantity  of  ammo- 
nia which  charafterifes  it ;  and  the  abundance  as  well  as 
eafy  extraftion  of  the  fufible  falts  or  alkaline  phofphat  which 
follows.  C-  Halle  has  given  an  exceeding  good  defcription 
of  the  fuccellivc  alterations  which  urine,  left  to  itfclf,  expe- 
riences, but  he  has  not  followed  them  in  regard  to  the  nature 
of  their  materials ;  the  object  of  his  refearch  was  onlv  to  de- 
fcribc  the  efl'eiSls  in  their  appearances.  Urine  contained  in 
a  clofe  vefl'el  becomes  of  a  darker  colour  ;  turns  brown,  and 
even  black;  emits  a  fetid,  ammoniacal  odour;  depofits  (irft 
a  light  cloud,  which  is  gradually  changed  into  mucous 
flakes  more  or  lefs  coloured.  There  are  formed  at  its  fur- 
face,  or  on  the  blackened  cruft  bv  which  it  is  covered,  and 
on  the  fides  of  tfie  veflcl  which  contains  it,  cryftals  in  needles 
Or  in  regular  prifms,  or  filky  tufts.  Urine  is  then  ammoni- 
acal inftcad  of  being  acid.  Diltilled  to  a  half,  it  gives  a  oreat 
deal  of  the  fetid  carbonat  of  ammonia :  being  carried  Hill 
farther,  fo  as  to  become  fyrupy,  it  furniflics  acetite  of  am- 
monia :  the  thick  part  gives,  by  the  addition  of  acids,  a  fliarp 
aiid  acetous  odour.  This  refiduum  of  urine,  when  putrid  and 
evaporated,  docs  not,  by  the  addition  of  the  concentrated 
nitric  acid,  prcf;.'nt  thofe  white  concrete  and  abundant  cryf- 
Uls  which  anfc  in  frcfli  urine  evaporated  to  the  fame  degree, 
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and  which  belong  to  the  urinary  nuitter  not  changed.  It 
w.is  this  matter  which  experienced  the  greatclt  and  nioit 
fingukr  change  by  pntrefacliion ;  it  was  the  focus  and  fubjccl 
ot  it;  and  it  gave  birth,  above  all,  to  the  carbonat  of  an)mo- 
nia  which  replaced  it,  and  to  tlie  acetous  acid,  which,  as; 
the  phoiphoric  and  the  uric,  is  found  faturated  bv  this  kind 
of  ulcali.  It  appears,  therefore,  that  in  order  to  procure 
more  of  the  phofphat  of  anmiouia,  it  is  of  advantage  to  em- 
ploy putrid  urine. 

IX.  An  attentive  and  careful  examination  of  the  firft 
phenomena  of  the  putrid  decouipolition  of  human  urine,  pre- 
fented  to  us  refults  as  interefting  at  Icall  as  that  of  urine  en- 
tirely <ieconipofed.  Thefe  refults  are  connected,  above  all, 
with  the  formation  of  urinary  calculi,  which  were  one  of 
the  rnoft  important  objecls  of  our  labour.  \\'c  were  delirous 
of  addino- to  the  well-known  fact  of  the  c-xiftcnce  of  calcu- 
lous  matter  in  every  kind  of  urine,  anfwcrs  to  the  following; 
queftions  of  fo  much  importance : — Why  are  thefe  matters 
more  abundant?  Why  does  a  difpofition  to  calculus  exift  ia 
fomc  fubjecls  and  not  in  ;dl,  though  the  urine  of  all  contains 
what  may  form  them  ?  \\^hy  are  they  formed  fomctimtss 
fpecdily,  and  fomctimes  flowly  ?  What  is  the  caufc  of  th« 
fix-fold  varietv  of  the  calculous  matters,  their  mixture,  and 
interruption?  Though  we  were  far  from  having  found  a 
fohition  to  all  ihcfe  queiiions,  we  have  at  any  rate  been  able 
to  refolvc  fonic. 

The  white  prlfmatic  cryftals,  which  are  dcpofited  on  th« 
pellicles  or  the  fides  of  vefi'els  containing  urine,  do  not  fnew 
themfelves  lill  the  ru]uid  becomes  ammoniacal.  They  incrcafe 
in  quantity  and  bulk  for  fix  or  eight  days :  they  are  prifuis 
of  fix  planes,  with  pyramids  having  fix  faces,  which  are  rea-» 
dily  difcovered  to  be  ammoniaco-magnefian  phofphat,  like 
that  often  found,  under  the  fpavry  form,  at  the  furfacc  of 
white  calculi.  This  fait  docs  not  exift,  or  is  not  formed,  but 
when  there  is  an  exccfs  of  ammonia  in  the  urinary  liquor. 
This  anunonia,  by  faturating  the  free  phjfj)horic  acid,  fcpa- 
rates  the  gelatinous  matter  which  gives  birtli  to  a  mucou> 
precipitate,  and  conltitutcs  with  that  acid,  andby  uniting 
itfelf  to  the  phofphat  of  niiigncfi a.  the  axnmoniaco-magnefiau 
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pliofphat,  which  depofits  Itfelf  In  ciyftals.  The  uric  acid  is 
equally  laturated,  and  prefents  urate  of  ammonia;  which 
fometimcs  depofits  itfcIf  in  the  calculous  matter  with  tlie 
triple  phofphat  ju(l  mentioned.  This  triple  phofphat  fepa- 
rates  itlclf  in  cryltals  of  the  liquor  only  becaufe  it  is  k-fs  fo- 
luble  than  the  two  infulated  phofphats.  This  fait,  therefore, 
which  does  not  exift  quite  formed  in  the  urine,  is  the  pro- 
duce of  its  amnioniacal  alteration. 

As  ammonia  and  the  carbonic  acid  go  on  always  in- 
creafing  when  the  uric  and  phofphoric  acids  and  the  phoi- 
phat  of  magnefia  are  faturated,  there  remains  in  the  liquor 
carbonate  of  ammonia,  which  then  renders  fyrup  of  violets 
green,  and  effervefccs  with  acids.  The  acetous  acid,  which 
is  formed  at  the  fame  lime,  becomes  faturated  alfo  with  am- 
monia; fo  that  the  urine  contains,  at  the  fame  time,  acctite 
and  carbonate  of  ammonia.  Thefe  three  fubHances,  formed 
almoft  at  the  fame  time  by  the  decompofition  of  the  urine, 
ammonia,  the  phofphoric  and  the  acetous  acids,  arc  the 
produce  of  the  urinary  matter,  which  ceafes  to  be  found  in 
that  liquid  when  altered  by  putrefii6tion. 

X.  This  alteration  of  urine  does  not  always  take  place  in 
the  fame  manner,  and  its  decompofitiou  varies  according  to 
the  diverfified  nature  of  that  liquor.  Sometimes,  in  one  in# 
dividual,  when  the  urine  comn,ionly  prefents  the  before- 
mentioned  phenomena,  the  liquid,  inftead  of  emitting  an 
ammoniacal  odour,  becomes  covered  with  a  green  and  white 
mouldinefs,  which  increafes  for  fifteen  or  twenty  days.  In- 
'ftead  of  containing  ammonia  naked,  it  contains  the  acid,  and 
emits  a  fmell  of  it.  This  kind  of  urine  is  lefs  fubje6l  to  al- 
teration than  the  preceding.  It  appears  to  be  at  leaft  as 
common  as  that  which  alcalifes.  Their  difl'erence  depends 
evidently  on  the  variation  of  their  principles,  and  not  on  thcii 
nature  ;  for  they  are  almoft  always  the  fame,  except  in  their 
proportion.  Thus  the  urinary  matter,  the  fource  of  thr 
formation  of  ammonia,  of  the  carbonic  and  aicetous  acids, 
and  the  caufe  of  the  alterability  of  urine,  does  not  produce 
or  experience  that  alteration,  or  that  decompofition,  but  fa 
far  as  it  is  mixed  with  a  certain  quantity  of  gelatinous  mat- 
ter, which  ferves  it  as  a  fernjent.     If  it  does  not  contain 
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ennUiih,  aiul  if  the  liriac,  lefs  gelatinous,  is  by  t'lcft;  iDCan? 
more  crtlouivd,  has  a  ftrongcr  fincll,  and  is  more  charge4 
\\\\h  urinarv  luattcr,  it  i.5  luls  iuiccptible  of  fermentation  op 
piitridrLy  ;  it  prefervcs  ilfelf  much  longer  and  with  its  pri- 
mitive eliavacters,  and  is  more  permanent  :  that,  on  tli& 
(Tther  hand,  wliieh  is  Icfs  coloured,  more  eiiano;ca.ble,  an^l 
more  difpoi'ed  to  the  formation  of  ammonia,  dcpofits  fpeedily 
mueou;*  flakes,  and  gives  fnoner  a  cloud  and  j'jrccipitate.  It 
appeared  to  us,  that  urine  lefs  corru]Hib!e  and  lefs  n:olatlnou6_, 
and  in  fome  nieafure  more  urinous,  if  I  n^.av  be  allowed  the 
cxpreirion,  was  the  fi<2;n  of  cood  health,  and  the  produce  ot 
complete  digeition  ;  while  pale  urine,  more  gelatinous  and 
more  decompofablc,  exii'ted  more  particularly  in  weak  fub- 
iects,  and  in  cafes  w  here  the  digeftive  faculties  were  lell'ened. 
There  is  realon  to  believe  that  thefe  two  difierent  (tates  ot 
vu-ine,  which  e\hi'oit  it  as  t«-o  diuinet  or  ditVerent  licjuids, 
will  one  dav  furnllli  facts  of  great  utility  to  the  healing  art; 
aiul  that  a  foKuion  of  tan  will  fupplv  the  means  of  difiin- 
g-uifhincr  them,  and  of  determining  their  re'ation  in  regard 
to  the  nature  and  quantitv  of  the  precipitate  which  it  will 
f'.'rm  in  thefe  liquids,  compared  in  different  fubjects,  or  in 
ihe  fame  at  diHerent  periods, 

XT.  Scheele  tirfc  announced  the  prefenee  of  the  benzoiQ 
avid  \\\  tlie  ui-ip.e  of  ujaii,  and  parrieularlv  in  that  of  children, 
Ivouelle  the  \i)unger  had  before  fui'peCted  it  in  thai  of  the 
>tianunefera'.  though  he  durit  not  give  any  opinion  as  to 
Its  nature.  Tiiis  acid  i-  obtained  by  iubluriati'in,  on  heating 
the  extract  of  urine  in  clofc  velfel^.  It  may  be  feparated  ftill 
better  bv  evaporating  urine  to  the  confilteiicc  of  clear  fvrup, 
and  potiriuLT  on  it  t.he  niuriatic  acid,  bv  uhieh  it  is  preeipir 
Uted  ;  beeaufe  iliai  acid  deeompofcs  the  bcnzoat  of  anniio- 
iiia  that  has  been  formed.  It  is  bv  the  latter  procefs  that  we 
have  taii'iht  the  method  of  extract  in  y  it  from  the  urine  of 
horfes  and  cows,  and,  above  all,  from  the  water  of  dung- 
hills, in  fulfil. lent  abundance  to  fubfiitutc  it  in  phafinaey 
for  th.it  of  benz-oin.  In  a  v.ord,  this  acid  is  the  lead  abun- 
dant, and  perhaps  the  mo!t  Viiriable  of  the  matters  in  urine. 
It  appeareil  to  u.s  to  be  betwccni  ,vVc  ^'^'^  t-.^w  'ib^TC 
are.  fo-mt-  morblf'C  eircuuiftcLK'-es  ti::ider  '.vhieh  its  'piantiiy 
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increafi-'.s  vcrv  fcnfiblv,  and  often  very  fpcL-dilv.  Wi'  had  iio 
opportunity  of  determining  the  diHerenee  ut"  tlie  proportion 
in  the  urine  of  aduUs,  or  that  of  children,  in  which  Sch<:eLc 
fays  that  it  is  much  more  abimdant. 

Xfl.  The  analyfis  of  uriuavv  calcuh,  whicli  jlrft  dircvicj 
our  attention  to  urine  as  tl)e  lourcc  of  its  concretions,  in- 
duced us  to  examine  whether  the  oxahc  acid  exiitcd  in  this 
hquid.  The  oxahit  of  lime  is,  indeed,  one  of  the  moft  fre- 
quent matters  of  calcuU  ;  and  we  have  found  it  in  tlic  pro- 
portion of  a  lixth  in  the  number  of  urinary  Hones  we  exa- 
mined. None  of  the  means  which  can  be  employed  to  dif- 
cover  the  prefcnce  of  that  acid,  exhibited  it  to  us  in  urine ; 
while,  on  the  other  hand,  the  fmallcit  quantity  of  the  oxahc 
acid,  which  we  poured  into  the  liquid,  gave  us  an  abundant 
a^id  very  heavy  oxalat  of  lime;  which  proved  to  us,  that  inch 
an  acid  could  not  remain  diilolved  in  the  urine.  Thus,  when 
a  mural  or  mulberry-formed  calculous,  eompcjfed  of  the 
fivxalat  of  lime  and  an  animal  matter,  bv  which  it  is  aii'du- 
tinatcd,  arifcs  in  the  urinary  duct,  its  procluoHon  takes  place 
t'vcn  at  the  moment  of  the  formaiiuu  of  the  oxalic  acid. 
This  acid  nuirt;  arife  in  the  urine;  and  in  that  cafe  there 
mud  be  in  it  an  imnatural  and  morbii]c  foreign  production. 
There  is  reafon  to  believe  that  feme  kinds  of  urine,  which 
come  from  the  body  white  and  turbid,  are  cliargcd  with  thi^j 
fait;  and  that  the  oxalat  of  lime,  fornied  i)y  a  caulc  Itill  un- 
kno\\n,  iffues  in  this  manner  without  producing  calcid;.  it 
may  bo  thence  fecn  of  how  much  importance  it  is  to  make  a 
chemical  examination  of  the  urine  oi  dileafed  perfons,  aii4 
to  eflablifii  a  continued  ferics  of  experiments  on  this  fubj-ct 
in  fome  hofpital  fet  apart  for  thefe  ufefu.1  rolearches. 

The  cafe  is  th>e  fame  with  liliceous  eartha.s  with  t])o  oxalat 
of  lime.  \\'e  liave  ne\cr  vet  found  it  in  uiit:e.  And  it.-  cx- 
iriP-ucc  in  that  liquid  appears  to  be  fi  rare  cale  in  };atholo<rv  ; 
of  three  hundred  calculi,  indeed,  ana])lcd  with  care,  two 
qnly  \vcrc  found  containing  lijex. 

XIII.  This  analvf.s  fhews  tliai  feveral  matters,  hitherto 
unknown  in  urine,  exift  in  it,  i".z.  \.  Phofpiiat  of  magnefi.i. 
2.  The  urat  of  ammonia,  v.lach  is  formed  at  the  time  of  the 
c^canipofuion  of  the  urine.     3.  Albumen  and  gc!afiiK>i;3 
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■niattqr.  4.  The  oxalic  acid,  whicii  is  produced  under  fome 
morbific  circumftances.  5.  Siliceous  earth,  which  is  found 
in  it  only  very  rarely.  The  four  firrt  fubftances  are  conftant 
in  it ;  the  other  two  are  only  accidental,  and  therefore  we 
pafs  them  over  till  after  the  examination  of  calculi  arifmg 
necefTarily  from  urine,  and  of  which  the  conftituent  matters 
have  been  diflblved  in  that  liquid.  Another  new  facl  ob- 
tained by  our  labour  is,  that  the  particular  matter  which 
gives  to  urine  its  diftinguifliing  charafters,  is  converted,  by 
means  of  the  fermentation  excited  by  the  prefence  of  the  ge- 
latinous body,  into  ammonia,  carbonic  acid,  and  acetous  acid, 
and  from  thefe  new  produ6ls  there  arife  in  urine  very  re- 
markable changes.  The  analvfis  of  putrid  iirine  differs,  there- 
fore, very  much  from  that  of  fre(h  urine. 

It  refults  from  thefe  refearches,  by  which  human  urine 
has  become  much  better  known  than  it  was  before,  that  \% 
contains  ten  principal  or  conftant  fubftanccs,  characlerifed  in 
the  following  manner  : 

A.  Muriat  pf  foda,  which  cryftallifes  in  oclaedra  in  eva- 
porated urine. 

B.  Muriat  of  an^monia  ;  the  natural  oc'^laedral  form  of 
which  is  modified  into  a  cube  by  its  union  will)  the  parti- 
cular urinary  matter  like  that  of  the  preceding,  and  palTes 
through  ^he  fame  combination  from  the  cube  to  the  o6la- 
edron. 

C.  The  acid  phofphat  of  lime,  forming  about  the  7coth 
part  of  urine,  confidcred  formerly  as  an  earth,  precipitating 
itfelf  by  the  addition  of  alkalies,  which  take  from  it  its  cxcefs 
of  acid  ;  carrying  always  wjth  it  a  gelatinous  matter  which 
this  acid  held  in  folution,  and  rendering  urine  turbid  at  the 
moment  when  tlie  ammonia  is  difcntiaiied. 

D.  Pholphat  of  mngneila,  decompofcd  bv  alkalies,  and 
giving  its  earth  mixed  with  the  phofphat  of  lime  which  is 
depofitcd  ;  becoming  a  triple  fait,  and  feparating  itfclf  in 
cryitals  by  the  fpomaneous  formation  of  ammonia. 

E.  The  phofphat  of  foda,  effloreJ'cing  in  the  air,  and  always 
united  to  the  phofphat  of  ammonia. 

F.The  nho'"phat  of  ammonia,  little  abundant  when  the  urine 
isfrefh}  increafing  much  by  dccompofition  and  the  tonna- 
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tion  of  ammonia,    and  giving  only  pliofphorus  when  <lic 
v.holc  fufiblc  fait  of  urine  is  heated  with  caibon. 

G.  The  uric  acid,  named  very  improperly  at  firfl  tli<i 
ri/bL-  arid.  It  cryftallifes  by  the  cooling  of  urine,  and  forms 
the  red  fand  which  that  licpiid  depofits  at  the  bottom  of  poLs. 
It  is  more  abundant  in  the  urine  of  difcafed  peiHTons.  It  maj 
be  didblved  exceedinglv  well  by  the  cauftic  alkali. 

rr.  The  benzoic  acid,  more  abundant  in  the  urine  cf 
cliildrcn;  eafy  to  be  obtained  from  urine  evaporated  to  a 
fvrup,  mixed  to  a  tenth  with  concentrated  fulphuric  acid, 
and  didilled. 

I.  Gelatinous  matter  and  albumen,  extremely  variaWe  in 
its  propvortion  in  the  difterent  kinds  of  urine ;  Viewing  itielf 
in  clouds  in  urine  where  ammonia  is  formed,  in  filamcnt-s 
in  that  over  which  alkali  is  poured,  in  flakes  by  the  evapo- 
ration of  urine;  precipitating  itfelf  by  the  tanning  principle, 
which  fcrves  to  determine  the  proportion  ;  occafionhig  a 
fpeedy  putrefaction  of  urine,  which  contains  it  in  abun- 
dance ;  appearing  by  their  augmentation  to  be  the  firfi:  caiifs 
of  tlic  formation  of  calculi,  and  furniflnng  them  with  the 
gluten  which  uniU's  their  molecuhe,  and  lollowing,  in  thtir 
proportion,  the  energy  or  weakncfs  of  the  digeflive  forces  ol" 
thediftiibution  of  the  chilous  matter. 

K.  The  fpL-cial  urinary  mar-.r,  giving  to  urine  its  charac- 
IcrJliic  properties  really  confiituting  it ;  giving  it  its  ^xloviT, 
colour,  and  iavour — its  allerability  into  ammon'a,  the  car- 
bonic and  acetous  acids,  8cc.  it  is  he  mod  abundant  of  the 
matters  contained  in  uri  ;e  ;  it  foinis  alone  the  '^  -of  it* 
matters.  It  has  been  mortjpe'.lv  conlidered  by  Rouclle  tliP 
younger  as  a  faponaceous  exlract.  'J'o  it  is  owi:!g  the  almoft 
total  cryftallifation  of  urine  evnporatcd  to  the  confillencc  of 
fvrup ;  the  folid  and  cryrialliue  form  it  afl'unics  in  that  ftaic 
by  the  addition  of  concentrated  aitric  acid  ;  iho  cryft-allijatioii 
of  the  muriates  of  foda  and  ammonia  mouilict!,  and  in  lon"i« 
ineafurc  reverfod — the  for-ner  from  the  cube  to  tlie  octaedrou, 
and  the  fecond  from  tlie  oclaedron  t'>  the  cube.  This  pavti- 
cular  animal  matter,  which  w-c  caii  ur  e,  wiii  form  the  oU- 
Ject  of  another  JNlcmoir,  deliined  to  fcrvc  as  a  fuj^planciit  tt> 
8  lire 


54       Tourcrqy  anJ  P'aur^ut/ins  ^ttmolr  on  Human  Unti^. 

the  prefent.  It  is  of  much  importance  to  animal  phyfiolcJgy 
and  the  art  of  healing. 

It  appears  that,  bcfidcs  thcfe  ten  fubdanccs,  the  real  and 
conftant  materials  of  human  urine,  it  contains  fometlinc3, 
but  rarely  and  accidentally,  fulphat  of  foda,  muridt  of  pot- 
afli,  fulphat  of  lime,  oxalat  of  lime  and  of  filex;  that  Ibmc 
of  thcfe  fubftances,  and  particularly  the  two  latter,  are  only 
the  rare  produ6\ions  of  fome  particular  and  perhaps  mor- 
tific  difpofiii(jns  of  urine.  It  will  be  of  great  utility  to  in- 
quire into  the  circumftanccs  which  have  an  influence  on  the 
exigence  of  thcfe  matters,  which  are  foreign  to  the  natural 
itate. 

XIV.  In  charafterifing  urine  as  a  liquid  ver^'  dirtinct  from 
all  others,  the  matter  which  I  have  called  ur.'e  gives  it,  above 
all,  the  property  of  becoming,  by  the  decompofition  which 
it  occafions,  a  liquor  very  different  from  what  it  was-  when 
it  iflTued  from  the  bladder,  and  a  fubftance  totally  new.  Fer- 
mented urine  is  changed  in  almoft  all  its  matters.  The  view 
of  thefc  changes,  which  terminates  this  Memoir,  exhibits,  as 
the  mnft  (iriking  refult,  the  produclion  and  exiftence  in  pu- 
trid urine  of  nine  new  matters,  which  do  not  exilt  in  frcih  o^;* 
j;ialural  urine. 

1.  Ammonia  in  exccfs. 

2.  '}'he  phofphoric  acid  faturatcd  by  this  alkali. 

3.  The  phofphat  of  magnefia  converted  into  ammoniaca-» 

mairnefian  phofphat. 

4.  The  urat  of  anmionia. 

^.  The  acetous  acid  united  to  ammonia. 

6.  The  benzoic  arid  iaturatcd  with  the  fame  amnionia, 

7.  'Ihe  muriat  of  fc^la  become  ocl:acdral. 

8.  The  muriat  of  ammonia  become  cubic. 

9.  The  carbojiat  of  ammonia. 

We  may  Itill  add  the  precipitation  of  the  albumen  and 
gc:latinous  matter  etlccted  by  the  annnonia.  and  which  ac- 
CQinpanit'S  that  of  the  phofphats;  fo  that  thefc  fairs,  like  the 
matter  of  bone,  arc  Aifceptible  of  giving  carbon  when  heated. 

Such  is  the  general  view  of  the  facts  contained  in  this  firfb 
Memcir.     They  prove  how  many  new  and  important  refults 

a  pro- 
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a  profound  ftudy  of  urine  may  prefent  to  thofc  who  will  be- 
Itow  on  it  tliat  continued  attention  which  it  requires,  and 
what  influence  fuch  phenon>cna  may  have  on  the  progrefs  of 
animal  phyfiolog\'.  Tht  authors  promife  to  make  known,  in 
a  fccond  Memoir,  all  the  properties  which  dillinguidi  the 
particular  matter  that  characterifcs  this  liquid,  which  is  the 
inoft  abundant  in  it,  and  which  they  call  utie,  as  has  btt'^i 
already  faid. 


XI I.  ExtraSI  frtm  the  Jlcport  re/ pc fling  Kxpcrlmenls  ma3e, 
ai  the  Pohtechnk  School  in  the  Years  K  and  VI.  on  the. 
Comhujlion  of  the  Diamond.     Bj  C.  Guyton  *. 
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HAT  the  diamond  is  combuftible,  is  a  tmth  which 
Newton,  in  feme  nicafure,  conjec-lured ;  which  experience 
hai-fully  confirmed  3  and  refpecling  which  it  is  no  loncrer 
poflible  to  entertain  the  Icaft  doubt.  But  what  is  the  nature 
of  this  combuftibility  ?  My  firft  experiments,  publifhed  in 
1785,  on  the  entire  combuftion  in  nitre  in  fufion  f,  fecmed 
to  announce  that  the  diamond  burnt  in  it  after  the  manner 
of  coal,  fmce  it  left  an  eflervefccnt  alkali ;  and  this  fufpicion 
acquired  more  reality,  after  the  examination  made  by  La- 
voifier  of  the  gas  remaining  in  the  veflels  in  which  it  liad 
burnt,  and  which  he  found  charged  with  carbonic  acid. 
jMr.  Tennant  has  lince  furniflied  us  with  a  new  proof  of 
this  important  facl,  by  repeating  the  combuftion  of  the  dia- 
mond by  nitre  in  a  gold  crucible,  as  I  had  propofcd,  in  order 
to  obtain  a  refiduum  abfolutely  free  from  all  foreign  matter"^. 
There  were,  however,  fiill  fulhcicnt  reafons  to  induce  us 
to  dillbclieve  that  the  diamond  and  carbon,  or  that  tb.e  dia- 
mond and  the  carbon  extracted  from  the  carbonic  acid  bv  the 
noble  experiment  of  Mr.  Tennant,  were  the  fame  fubftancc. 
Independently  of  their  external  chara6lers,  fo  completely 
ditferent,  feveral  obfervatlon-^,  Vvhich  I  have  already  commu- 
nicated to  the  Inftitule,  prove  that  iliclr  chemical  characters' 

*  From  the  Annales  cle  Cllmie,  No.  91. 

+  Opufdfi  lie  BagTrnm.,  French  edition,  Vol.  XII.  p.  114. 

%  Ptiilofyphicdi  Tranldiftions  179". 

no 
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Ko  Icfs  excluded  this  idcntitv.  Indeed  if  the  diamond  was 
pure  caAon,  whv  had  it  not  tlie  fame  affinities  ?  Why  does 
it  not,  like  it,  ferve  to  make  the  oxigenatcd  muriat  of  pot- 
ilh  detonate;  to  deo>o,genatc  fulphur,  arfenic,  and  phofpho- 
rus:  to  deoxydate  metals,  whicli  are  fuffieiently  fixed  to  un- 
<kr'"?<*  the  deo-ree  of  fire  which  determines  its  comhination 
tfith  oxvgen  ?  Why  does  it  not  form  alfo  carbures  ?  ^^'hy 
ciocs  it  not,  like  il,  conduct  the  electric  fluid  ?  We  know 
tfiat  the  aggregation  conceals  fometimes  the  affinities  by 
coimtcrbalancing  their  power,  but  not  in  operations  where 
the  bodies  arc  fufficientlv  fixed,  and  the  temperature  fnffi- 
cjentlv  high,  to  render  effi:cT:ual  the  wcakefl  attractions. 
Something  remained,  then,  to  be  difcovered  to  hannonife 
aiui  make  us  comprehend  facls  in  appearance  fo  contrary  *. 
I  Lmaguied  that  it  was  by  attentive  obfervation  of  what  took 
place  during  the  a£t  of  the  combuftion  of  the  diamond,  that 
\ve  iliould  attempt  to  penetrate  this  fecret  of  nature.  The 
experiments  I  am  about  to  dcfcribe  will,  I  hope,  prove  that 
my  attempt  has  not  been  vain  ;  that  the  explanation  of  phe- 
nomena, which  have  appeared  to  us  the  moft  incoherent, 
.may  hereafter  be  deduced  from  fome  circumftances  which 
were  not  obferved  nor  even  fufpccted,  and  which  fiave  en- 
abled ns  to  make  an  important  ftep  in  the  knouiedire  of  the 
iLifare  of  the  diamond,  fince  we  can  indicate  lublhaices 
which  approach  much  nearer  to  it  than  carbon. 

Thefe  experiments,  begun  in  Thermidor  year  5,  were  nf>t 
teraunatcd  till  the  1  ith  of  Fruclidor  year  6.  Various  acci- 
dents, v.liich  mav  be  readily  conceived,  and  tlie  fewuefi  of 
the  davs  when  the  ravs  of  the  fun  are  not  interrupted  by 
clouds  or  v/eakened  by  vapours,  were  the  princiiial  eaufcs  of 
this  deUv.  I  fnaii  I'upprefs  the  details  of  ihofo  efl'avs  wliieli 
^id  not  fead  to  conclufi\e  refults  ;  but  I  ihall  not  ncgK\-\ 
thofe  wliich  farniflicd  us  wlih  an  opportunitv  of  obfeiving 
ievcral  times  the  fame  fa<^ls,  and  iomeUmes  in  a  more  diitim^t 
map.ncr;  thoujih,  bv  the  eflfei^l  of  ibme  unforefeen  circiin:- 
fiance,  it  u  ass  not  pofllble  to  keep  aa  acv:ount  of  theiu  in 

■  C.  'Bcith'illct,  in  his  I.ti5l  arts  at  tic  Nurrml  School,  ftill  leaves  it  j  v 
df.iibt  \vhi;ihvr  the  diamondis  cryrtjiiil'cvi  carbonj  otc.ir.>en  cornbir.ed  with 
lijmc  oihcf  ivi'nrnHCc.  •     .      ■;  .'  ' 
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regard  to  the  correfpondence  of  the  ingredients  and  the  pro- 
duds.  I  mud  not  omit  to  remark,  that  f  had,  as  co-opera- 
tors in  thefc  experiments,  C.  Clouet  and  Hachette.  The 
journal  of  them  was  correctly  kept  by  C.  Defornies,  formerly 
a  pupil  of  the  Polvlechnic  School,  and  at  prefent  athftajit- 
preparer  for  one  of  the  courfes  of  chcmiflry.  The  mod  im- 
portant phenomena  were  fcen,  at  diflferent  fittings,  by  feveral 
men  of  letters. 
^  The  Council  of  the  Adminiftration  of  the  Polytechnic 
School,  approving  the  objecl  of  tlie  experiuiv-nts,  authorifed 
me  to  difpofe  of  fome  of  the  diamonds  in  its  cabinet    . 

The  firit  experiment  was  made  on  the  9th  of  Fruclidor 
in  the  year  5.  We  placed  upon  the  table  of  the  mercurial 
pneunxatic  tub,  a  bell  of  flint  glafs  10-3  centimetres  in  di- 
ameter, and  of  the  content  of  5580  cubic  centimetres.  Near 
the  tub  was  placed,  on  one  fide,  a  pneumatic  machine,  to 
exhauft  the  common  air  from  the  bell  by  means  ot  a  bent 
tube,  which  rofe  as  far  a?  the  knob.  On  the  other  licie  was 
a  water  pneumatic  tub,  bearing  a  large  receiver,  having-  at 
its  tubulure  a  cock  which  communicated  with  the  indde 
of  the  bell  by  a  tube  of  bent  glafs,  and  rifing,  in  the  like 
manner,  to  the  hollow  knob  of  the  bell.  On  one  of  the 
edges  of  the  mercurial'  tub  v/as  fixed  a  flide,  bearing  a  kind 
rif  mandril,  deRined  to  receive  a  cylinder  of  hard  wood  move- 
able in  every  direction,  terminated  by  a  handle  of  iron,  and 
ferving  to  fupport  a  cup  made  of  the  crucible  earth  of  V'a- 
logne;  fo  that  this  cup  could  be  conveyed  to  every  point  of  the 
interior  part  of  the  bell  to  prefent  the  diamond  to  the  focus. 
This  apparatus  is  reprcfented  by  fig.  i.  (Plate  II.)  Every 
thing  being  difpoled  in  this  manner,  wt  put  into  the  cup 

*  The  diamomls,  which  form  parr  of  its  colleflion  of  mineralSj  were 
found  ill  AW  Englifli  fhip  froni  Scnej^al,  captured  in  tie  yea''  2.  They 
were  dtpofued  at  tlie  Hotel  des  montwies,  where  th  jrremuiud  till  the 
year  5,  when,  on  the  fuggeftion  cf  our  colleague  Moiigez,  one  of  the  ad- 
miniftrators,  the  minifier  of  the  finances,  after  caufing  it  to  be  afcerti^iped 
that  the  greater  part  of  them  were  unfit  for  being  cut,  and  for  thit  rcafon 
more  valuable  for  iniiruftion,  ordered  one  third  of  thein  to  be  given  ^q 
the  Muftum  of  Natural  Hiftory,  another  to  the  Cabinet  of  the  Schop!  of 
Mine-,  and  another  to  that  of  the  Polytechnic  School-  The  lot  alijgnei 
to  the  lafl  conlified  cf  26,  w'eighing  altogether  3-tta  grammes. 

Vol.  V.  I  aa 
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an  incomplete  oclaedral  diamond,  having  the  edges  a  little 
rounded,  of  a  dirty  water  inclining  to  yellowifli-grey,  and 
'.vetghing  exactly  142  niilligramnies.  On  the  cup,  the  cdg« 
of  which  was  ground  flat,  a  cover  was  applied,  attached  to  a 
thread  tied  round  the  lower  part  of  the  fupport. 

The  pump  was  made  to  a<5l  till  the  mercury  in  the  hell 
rofe  within  lefs  than  a  n'villimctre  of  the  orifice  of  the  tuhe^ 
of  communication.  The  cock  of  the  receiver  of  the  hydro- 
pneumatic  tub,  which  had  been  previoufly  filled  with  oxygen 
gas  obtained  from  the  oxvgenated  muriat  of  pot-afli,  was 
then  opened  ;  and  the  firft  portion  of  this  gas  which  had 
pafTcd  into  the  bell  was  extracted  by  the  pump,  in  order  to 
exhauft  as  much  as  poflible  the  remainder  of  common  air. 
After  this  it  was  filled  with  the  fame  gas  to  within  69  milli- 
metres of  its  internal  edge,  and  51  of  the  external.  It  may 
readily  be  conceived  that  ftill  a  little  air  remained  in  the  cup 
in  which  the  diamond  was  placed,  and  which,  during  thefc 
experiments,  had  been  fhut  by  its  cover;  but  its  content 
not  being  altogether  three  cubic  centimetres,  this  inconve- 
nience was  thought  the  fnialleft  of  thofe  which  were  to  be 
apprehended. 

The  diamond  having  been  uncovered,  we  began,  at  ten 
minutes  after  one,  to  throw  upon  it  the  focus  of  the  large 
lens  belonging  to  the  cabinet  of  the  Polytechnic  School,  tht 
diameter  of  which  is  40*59  centimetres,  and  the  focus  13,5*3. 
We  were  well  aware  of  the  neceflity  of  heating  the  bell  by 
degrees,  to  pre\ent  its  cracking,  for  this  purpofe  we  intcr- 
-pofed,  at  firft,  green  and  blue  coloured  glafs ;  but  whether 
they  acquired  more  heat,  or  refilled  dilatation  more,  thefe 
glalTes  all  fpeedily  broke ;  and  we  were  not  able  to  accom- 
plifh  our  object  but  by  covering  with  paper,  for  fome  mo- 
ments, the  part  of  the  bell  which  received  the  luminous 
di(k.  When  the  paper  was  withdrawn,  the  mercur)-  fell 
rapidly,  19  millimetres  in  the  infide.  The  diamond,  expofed 
to  the  focus  for  twenty  minutes,  did  not  inflame.  It  appeared 
at  firfl  mealy,  but  fenfibly  blackened  at  the  furface  when  ob- 
ferved  through  the  coloured  glafs  while  expofed  to  the  focus  *. 

The 

*  This  carbonaceoni5  colour  had   been  bc'oe  obfcrved  by  Lavoifier  in 


(3w  the  Comlufilon  of  the  D'ia7iionJ.  59 

The  focus  having  been  intercepted  by  an  opaque  body  to 
examine  more  clofely  the  Itate  of  the  diamond,  no  ahcratioii 
was  remarked  in  it,  except  that  it  had  alTumcd  a  yellowifh 
iliade,  perfe^^Iy  hke  that  of  tranfparent  amb(  r.  The  atmo- 
fjihere  beginning  to  become  charged  with  vapours,  the  expe> 
riment  was  dif.ontinued,  in  order  that  we  might  refume  it  at 
a  more  favourable  moment.  This  momeut  occurred  the  next 
day  the  loth,  and  was  announced  by  a  rifingof  the  thermo- 
meters ;  one  of  which,  expofed  to  the  fun  in  the  open  air, 
rofe  to  40  degrees ;  and  the  other,  expofed  to  the  fun  aU'o 
under  a  bell-glafs  to  compare  the  interior  temperature,  rofe 
to  44  degrees. 

The  focus  was  thrown  upon  the  diamond  at  '^8  minutes 
after  11.  At  42  minutes  after  1 1  the  cone  of  light  was  in- 
tercepted, and  we  fiiw  the  diamond  red,  tranfparent,  and  fur-" 
rounded  with  a  faint  radiation.  When  cooled,  its  edges  ap- 
peared blunted  :  we  obferved  in  it  a  black  point ;  but  it  had 
become  white,  and  had  loft  the  yellow  colour  acquired  the 
dav  before. 

The  experiment  could  not  be  rcfumed  till  the  15th.  We 
began,  by  noting  the  height  of  the  interior  column  of  the 
mercury,  to  calculate,  according  to  the  temperature  and  pref- 
fiu'e,  the  volume  of  the  aeriform  fluid  remaining  under  the 
bell ;  and  we  judged  that  it  had  decreafed  about  173  cubic 
centimetres. 

The  rays  of  the  fun  were  bright  and  ftrong;  but  the  air  fo 
much  agitated,  that  while  the  thermometer  under  the  bell 
was  at  44'5,  that  expofed  to  the  fun  in  the  open  air  did  not 
rife  higher  than  32".  There  was  a  moment,  however,  when 
the  luminous  cone  produced  a  flight  fcintillation  on  the  fur- 
face  of  the  diamond.  An  opaque  body,  immediately  inter- 
pofed,  made  it  appear  red  ;  but  more  ob  feu  re  than  on  the 
lo-ih.     It  was  alfo  found  white  after  cooling. 

Being  aftoniflied  that  the  diamond,  when  inflamed,  as  on 
the  loth,  did  not  maintain  of  itfelf  the  temperature  neceflTary 
tor  its  combuflion,  efpecially  in  oxvgen  gas,  as  happens  to 

his  experiments  made  on  the  diamond  with  the  large  lens  of  Trudaine. 
Sec  Diil.  dc  Cbemie  de  VEncychp.  Mchod.  \'ol.  I.  p.  741. 
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ftietallic  comburtibles  *,  we  imagined  it  might  refult  frfttn 
its  being  too  much  in  a  mafs,  or  perhaps  alfo  too  much  in-, 
fulated  from  every  other  combuftible  whicli  might  contribute 
to  this  temperature  :  and  that  we  might  make  an  attempt  to 
remove  this  obftacle,  we  introduced  into  the  fame  porcelain 
cup,  and  without  deranging  the  apparatus,  a  fmall  cut  dia- 
inond  of  the  weight  of  eight  milligramriies;  but  there  was 
T)0  appearance  that  the  combuftion  was  in  the  leaft  aug- 
mented; and  this  fmall  brilliant,  inftead  of  being  more  ra-r 
pidly  attac^:ed  by  the  heat,  after  having  been  two  days  ex- 
pofed  to  the  aftion  of  the  folar  fire,  capable  of  igniting  ob- 
fcurely  the  large  diamond  placed  clofe  to  it,  gave  no  figns  of 
inflammation,  and  was  taken  from  the  apparatus  without 
having  experienced  the  flighlefl:  alteration,  either  in  the 
polifli  of  its  furface,  or  the  vivacity  of  its  edges. 

On  the  23d  of  the  fame  month  we  took  the  diamonds 
from  the  faucer,  to  examine,  with  care,  that  wliich  had  givers 
manifcft  figns  of  a  commencement  of  combuftion.  It  wcighe4 
110  more  than  88  milligrammes  ;  it  had  therefore  loll  54, 
about  o-'^S  of  its  weight.  It  ftill  retained  its  orioinal  ocla- 
edral  form  ;  but  the  angles  were  blunted,  and  the  edges 
rounded.  Thslurface  was  tarniflicd,  and  full  of  fmall  inequa- 
lities; which,  obferved  with  a  magnifying  glafs,  prefented 
cavities,  fslient  points,  and  fometimes  parallel  feclions  of  the 
laminDe.  In  feveral  of  the  cavities  vi-e  could  plainly  perceive 
a  fort  of  fpecks  inclining  to  grey ;  but  what  appeared  worthy 
of  nioft  aitention  was,  a  pretty  large  hollow  almoft  at  the  ex- 
tremity of  one  of  the  quadrangular  pyramids,  vi'hich  feemed 
to  indicate  the  place  where  the  folar  focu3  had  exercifed,  at 
the  end  of  the  operation,  its  greateft  intenfUy ;  and  where, 
wediftinguiHied  ablackifli  flripe,  not  terminated  like  a  ftroke 
form.:d  by  a  foreign  body,  but  on  the  contrary  foftening  it- 
feff  6ft',  and  penetrating  into  the  interior  part  of  the  mafs  by 
degrading;  its  colour. 

*  We  had  the  more  reafon  to  b*  furprifed  at  this  phenomenon,  as  M. 
Landri-ini  had  announced  tli^.t  the  diamond,  inflamed  bv  hrafs  wire,  burnt 
like  it  in  nxysjeii  gas,  and  with  the  utmoft  brigjinefs  :  he,  iiwjeed,  ex- 
cepted the  Brafil'.an  diamonds,  which  he  was  not  able  to  inflame  by  rhefe 
nieans.     Annales  dc  Cbcmie,  Vol.  X[.  p.  i;6. 

I  thought 
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I  thoiijrht  it  might  be  of  fomc  importance  to  preferve  the 
fubjecl  of  thefe  obfervations,  and  that  it  would  not  dii'gracc 
the  coliedlion  of  the  cabinet  of  the  School,  with  an  infcrip- 
tion  allulive  to  the  experiment  to  which  it  had  been  fub- 
je6ted.  Another  diajnond  was  therefore  deflined  to  be  put 
into  the  apparatus,  in  order  that  it  might  be  there  fubjetted 
to  entire  combuftion.  This  dianiond  was  alfo  a  pretty  regular 
o«Staedron,  of  a  much  more  beautiful  water  than  the  pre-^ 
ceding,  and  weighing  2oo'i  milligrammes,  3'77  grains. 

As  the  fcalon  was  already  fo  far  advanced  that  it  left  tuS 
no  hope  of  a  folar  focus  as  ftrong  as  that  from  which  we  had 
obtained  fo  little  effe6l  wnth  the  lenfes  we  had  employed,  I 
was  dofirous  of  terminating  the  experiment  with  the  great 
Jens  of  Tfchirhaufeu ;  and  the  clafs  granted  me  permiflion 
to  take  it  from  their  cabinet. 

This  lens,  as  is  well  known,  is  86'6  centimetres  (32 
inches)  in  diameter,  and  311-076  (73  inches)  focus.  We 
augmented  its  power  ftill  more  by  catching  the  luminous 
cone  with  the  fmall  lens  of  the  cabinet  of  the  Inftitute,  the 
difk  of  which  is  37*89  centimetres,  and  the  focus  56*83, 
which  in  this  pofition  was  (hortened  to  5-41  centimetres. 

A  firll  fitting  gave  fcarcely  any  figns  of  a  commencement 
of  combuftion.  Next  morning,  the  luminous  diflc  having 
fallen  on  one  of  the  parts  of  the  bell  which  was  thickeft,  it 
occafioned  it  to  crack.  It  was  therefore  no  longer  poiliblc 
to  compare  the  volume  of  the  gas  before  and  after  the  ope- 
ration, norto  dirtinguifli  and  alcertain  the  quantities  of  the 
products.  We  confined  ourfelves  to  making  lime-water  pafs 
through  the  interior  of  the  bell  before  the  filfure  had  fuffered 
a  fenlible  quantity  of  common  air  to  cater,  and  we  obfervcd 
that  it  was  much  troubled. 

The  diamond  which  had  been  lafi:  expofed  was  nowayS 
changed  at  its  furface  :  it  had,  however,  loft  two  decimilli- 
grammes  of  its  weight ;  which  was  verified  by  tlie  fame 
balance  with  which  it  had  been  weighed,  and  which  is  ca- 
pable of  marking,  in  a  very  fenfible  manner,  thefe  fractions 
of  the  milligramme.  Thus  we  were  obliged  to  adjourn  the 
experiment  till  the  next  fummer,  in  order  to  find  a  more 
favourable  fun,  and  to  have  time  to  provide  a  new  apparatus. 
[To  be  coniinueu.] 
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Xin.  Account  of  the  Proccfffs  vfrd  hy  Mr.  Sheldpake  t* 
feparate  the  Mucilage  from  Uivfccd  Oil,  and  to  dfjhive 
Copal  in  Spirit  of  Turpentine,  and  m  /llcohol  * . 

To  feparate  the  Mucilage  frfj77i  Liifeed  Oil. 

JL  HAD  read  in  fome  book,  the  title  of  which  I  do  not 
recollect,  that  linfeed  oil  might  be  purified  by  fliaking  it 
with  water,  which  would  imbibe  the  impurities,  and  leave 
the  oil  more  limpid.  I  tried  this  experiment  by  fliaking 
linfeed  oil  with  warni  water;  and  was  furprifed  to  find  they 
did  not  feparate,  but  remained  united  in  the  form  of  emul- 
fion.  I  then  boiled  them  together,  and  found  their  tendency 
to  feparate  diminifli.  As  it  is  the  known  property  of  gums 
or  mucilage  to  keep  oil  and  water  united  in  this  ftate,  I  was 
induced  to  fufpeft  the  prefence  of  mucilage  in  linfeed  oil. 

I  had  read  in  Doflie  a  method  of  preparing  what  he  calls 
fat  oil.  It  is  effected  by  placing  linfeed  oil  in  a  fliallow  vefl'cl 
cxpofed  to  the  heat  of  the  fun,  and  ftirring  it  frequently :  in 
a  certain  time  it  lofes  its  property  of  dr\ing,  thickens,  and 
acquires  a  degree  of  tenacity  that  makes  it  proper  for  a  fize 
or  cement  for  gilders,  &c.  A  fimilar  fubftancc  is  alluded  to 
by  Leonardo  da  Vinci. 

Taking  the  cxifience  of  mucilage  in  this  oil  for  granted, 
I  conjectured  that  the  alteration,  produced  in  its  texture  by 
Doflie's  procefs,  arofe  from  the  evaporation  of  fome  of  its 
principles,  and  the  more  intimate  union  of  the  reft  in  con- 
fcquence  of  that  evaporation.  To  verify  this  conjecture,  I 
tried  the  following  experiment : 

I  filled  a  half-pint  phial  full  of  linfeed  oil,  corked  and  tied 
it  fecurely  over  with  a  bladder.  This  I  cxpolcd  to  the  heat 
of  the  fun  in  fummer,  during  the  whole  day  :  after  it  had 
remained  a  few  days  in  this  fituation,   the  upper  part  of  the 

^  From  the  Iranjal'ions  of  the  Socifty  for  tbr  EncouYP^immt  of  Arls,  fee. 
Vol.  XVII.  The  prefent  mav  be  cuiifidcrcd  as  a  continuation  of  Mr. 
Sheldrake's  paper  on  Painting  in  Oil,  in  a  manner  Timilar  to  that  praftifcd 
in  the  ancient  \'tnctian  School,  publilhed  in  Vol.  XVI.  :  for  a  copy  of 
wlfich  fee  Pbil.  Mo^.  \'ui.  l- 

phial 
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phi;il  \va.<  covered  witli  drops  fimllar  to  thofe  produced  by 
liuldiiu'-  a  wet  bottie  to  dry  before  the  fire.  I  then  ihook  it 
well,  which  made  the  contents  look  muddy,  and  ict  it  to  reft 
airain.  After  a  time  it  became  clear,  and  a  portion  of  tranf- 
parent  liquor,  like  water,  lay  at  the  bottom.  I  then  repeated 
the  (liaking  and  fettiug  it  to  rcii:,  till  no  additional  quantity 
«f  this  lluid  was  feparated. 

Bv  trying  this  cxperiuient  repeatedly  upon  oils  procured 
from  diflerent  places,  I  found  that  fomc  oils  afforded  mucli 
more  mucilage  than  others.  From  fome  I  feparated  a  tliird 
part  ofnuicilage  ;  from  others,  a  pint  would  not  afford  more 
than  a  table-fjxionful,  and  fometimes  lefs.  Whether  thi> 
difference  in  the  refalt  was  radically  in  the  oils,  or  from  a 
difference  in  the  proccffes  conduced  by  means  fo  variable  as 
the  heat  of  the  fun,  I  am  not  able  to  afcertain. 

Upon  trvincr  the  fame  experiment  with  nut  and  poppy  oil, 
I  found  the  fame  rcfult,  but  in  a  different  degree.  The 
average  quantity  afforded  by  nut  oil  was,  I  believe,  not  more 
than  a  third  part  of  the  average  of  linfecd  oil  ;  and  the  ave- 
rage of  the  poppv  oil  was  not  io  much  as  a  fixth.  In  fome 
cafes,  particularly  of  the  poppy  oil,  1  did  not  obtain  any. 

The  colour  of  the  oil  always  diminiflied  as  the  mucilage 
was  abltraCxcd ;  but  the  mucilage  was  always  as  colourlcfs 
as  water.  It  is  a  quedion  I  w  ill  not  pretend  to  decide,  whe- 
ther the  colour  of  thefe  oils  depends  upon  the  prefence  of  the 
mu(;ilage,  or  upon  any  other  principle  w  hich  is  deftroyed  by 
the  action  of  light.  I  have  in  fome  inltances  had  the  oil  as 
colourleis  as  water. 

This  dtcompofition  of  the  oils,  if  it  may  be  fo  called,  is 
curious,  as  proving  the  mucilage  in  them  j  but,  as  it  is  very 
troublefome,  may  it  not  be  advifablc  to  prefer  thofe  which 
have  naturally  the  lead  mucilage  in  their  compoiition  ? 

After  pouring  the  oils  from  the  mucilage,  I  put  feveral 
quantities  of  the  latter  together,  and  found  them  mix  with- 
out any  di.^culty.  I  mixed  this  mucilage  with  water,  and 
found  it  unite  with  it  in  any  proportion  without  becoming 
turbid.  I  laid  it  upon  plates  of  metal,  expofing  them  to  dry 
in  the  fun  and  before  the  fire,  and,  when  drv,,  waflied  then^ 
with  a  fpuDge  and  water:  but  it  fliewed  no  tendency  to  dif- 
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folve;  though,  while  in  a  liquid  ftatc,  it  feemed  to  poJTefs  alf 
the  properties  of  a  gum. 

As  the  procelTes  by  vvhich  T  diifolvcd  the  amber  and  copal 
to  make  the  oil  varniflies,  are  to  be  found  in  manv  books^ 
and  as  it  will  be  better  for  arti'ls  to  purchafe  than  attempt 
to  make  tliofe  varnifhcs,  it  can  fcarcely  be  thought  neceflarv 
to  oetail  thofe  procelTos  here  :  but,  as  I  believe  the  methods 
by  which  I  diifolvcd  the  copal  in  fplrit  of  turpentine  and 
^iirlt  of  wine  are  not  knov.n,  I  fliall  now  fubjoin  them. 

To  d'ljfohje  Copal  in  Spirit  of  Turpentine. 

N.  B.  Whatever  quantity  is  to  be  diiTolved,  fhould  be  put 
into  a  glafs  vefiel  capable  of  containing  at  leaft  four  times  as 
much,  and  it  iliould  be  high  in  proportion  to  its  breadth. 

Reduce  two  ounces  of  copal  to  fmall  pieces,  and  put  them 
into  a  proper  vcflel.  INlix  a  pint  of  fpirit  of  turpentine  with 
l-8th  of  fpirit  of  fal- ammoniac  ;  {hake  tliem  well  together  j 
put  them  to  the  copal ;  cork  the  glafs,  and  tie  it  over  with  a 
ilrinffor  wire,  making  a  fmall  hole  through  the  cork.  Set 
the  slafs  in  a  fand-hcat  fo  rerrulated  as  to  make  the  contents 
boil  as  quicklv  as  pofiible,  but  fo  gently  that  the  bubbles 
may  be  counted  as  they  rife  from  the  bottom.  The  fanie 
heat  muft  be  kept  up  exactly  till  the  folution  is  complete. 

It  requires  the  moft  accurate  attention  to  fucceed  in  this 
operation.  After  the  fpirits  are  mixed,  they  fliould  be  put  to 
the  copal,  and  the  neceflary  degree  of  heat  be  given  as  foon 
as  pofiible.  It  fuould  likewife  be  kept  up  with  the  utmoft 
regularity.  If  the  heat  abates,  or  if  the  fpirits  boil  qnickef 
than  is  dircAed,  the  folution  will  immediately  ftop,  and  it 
Tvill  afterwards  be  in  vain  to  proceed  with  the  fame  mate- 
rials;  but  if  properly  managed,  the  fpirit  of  fal -ammoniac 
will  be  fcen  gradually  to  defcend  from  the  mixture  and  attack 
the  copal,  which  fwells  and  diiTolve?,  except  a  very  fmall 
quantitv  which  remains  undiffolved. 

It  is  of  much  confeqnence  tlvat  the  vefTel  {hould  not  be 
opened  till  fome  time  after  it  has  been  perfectly  cold.  It  has 
twice  happened  to  me,  on  uncorking  the  velTel  when  it  was 
not  warm  eno.*^h  to  aflc6l  the  hand,  that  the  whole  of  the 
contents  were  blown  with  violence  againft  the  deling.     It  is 
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llkewlfc  important  that  the  fpirit  of  turpentine  fliould  be  of 
the  bcft  quality.  I  have  never  fuceeeded  wiih  that  which  is 
fold  al  tiic  colour-flipps ;  but  whenever  \  procured  mv  fpirits 
at  Apothecaries'  Hall,  I  have  difToIvcd  thfe  copal,  by  the  pro- 
cefs  I  have  defcribcd,  without  difficulty. 

This  vardifli  is  of  a  rich  deep  colour  when  viewed  in  the 
bottle,  but  feems  to  give  no  colour  to  the  pi6lures  it  is  laidi 
on:  if  left  in  the  damp,  it  remains  ficky,  as  it  is  called,  a 
long  time ;  but  if  kept  in  a  warm  room,  or  placed  in  the 
fun,  it  dries  as  well  as  any  other  turpentine  varnifli ;  and 
when  df)',  it  appears  to  bo  as  durable  as  any  other  folutioii 
t)f  copal. 

To  dijfolve  Copal  in  Alcohol. 

Diflblve  half  an  ounce  of  camphire  in  a  pint  of  alcohol  j 
f)ut  it  in  a  circulating  glafs,  and  add  four  ounces  of  cooal  ift 
fmall  pieces ;  fet  it  in  a  fand-hcat,  fo  regulated  that  the  bub- 
bles may  be  counted  as  they  rife  from  the  bottohi  j  and  con- 
tinue the  fame  heat  till  the  folution  is  completed. 

Camphire  a^ls  more  powerfully  upon  copal  thari  any  fub- 
llance  that  I  Ifave  tried.  If  copal  is  lincly  powdered,  and  i 
fmall  quantity  of  dry  camphire  rubbed  with  it  in  the  mortar, 
the  whol^  becomes  in  a  few  minutes  a  tOugh  coherent  mafs. 
The  procefs  above  defciibed  will  dilfolve  more  Copal  than  the 
hienftruum  will  retain  when"  cold.  The  mofi;  econoi«icai 
method  will  therefore  be  to  fet  the  veffel  which  contains  the 
lolution  by  for  a  few  davs  ;  and  when  it  is  perfe(itU  fettled 
fiour  off  the  clear  varnifh^  and  leave  tl;e  refiduum  for  a  fu- 
ture operation. 

This  is  the  brightefl  folution  of  copal  that  I  have  fecn :  it 
»6  an  excellent  varnilli  for  picxurcs,  and  may  perhaps  b6  fouuc^ 
to  be  an  improvemeni  in  fine  Japan  works;  as  the  ftovcs 
ufed  in  drying  thofe  articles  may  dri\'e  off  the  camphire  en- 
tirely, and  leave  the  copal  pure  and  colourlefs  on  the  work. 

N.  B.  Copal  will  dilfolve  in  fpirit  of  turpentine,  by  the 
addition  of  camphire,  with  the  fame  facility,  but  not  ia  the 
fame  quantity,  as  in  alcohol. 

At  the  time  I  determined  to  lay  the  preceding  papers 
tcfore  tha  Society,  I  conceived  that  the  quick  ard  cer  aiii 
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manner  in  which  the  vehicle  dried,  was  one  of  its  advan- 
tages. But  as  that  circumftancc  has  been  objefted  to,  aiid 
in  feme  cafes  really  is  a  difadvantage,  I  have  fince  endea- 
voured to  remove  that  objeclion  by  the  following  procefs  : 

Put  a  pint  of  nut  or  poppy  oil  into  a  large  earthen  vefTel ; 
make  it  boil  gently  upon  a  flow  fire;  put  in  by  degrees  two 
ounces  uf  cerufe,  and  ftir  it  continually  till  the  whole  is  dif- 
folved. 

Have  ready  a  pint  of  the  copal  oil  varnilli  heated  in  a  fe- 
parate  veflel ;  pour  this  by  degrees  into  the  hot  oil,  and  ftit 
them  together  till  all  the  fpirit  of  turpentine  is  diflipatcd ;  let 
it  then  be  fet  by  till  cold,  when  it  will  be  fit  for  ufe. 

It  is  obvious,  that,  as  this  is  a  compound  of  the  copal  var"- 
niH)  with  the  lead  exceptionable  of  the  drying  oils,  it  will 
partake  of  the  proi>ertie3  of  each  of  its  component  parts.  It 
o-ives  Icfs  briohtnefs  and  durability  to  colours  than  the  varnifli 
will,  but  more  than  oil  \  but  as  it  certainly  may  be  ufcd  in 
painting  in  the  fame  manner  as  any  other  drying  oil,  and 
gives  more  brightnefs  and  durability  to  colours  than  they 
can  derive  from  any  other  oil,  it  is  not  unreafonfible  to  fup- 
pofe  that  it  will  prove  art  advantageous  vehicle. 

I  have  mentioned  fpecific  quantities  of  the  ingredients} 
but  it  is  eafy  to  fee  that  the  relative  proportions  may  be  va- 
ried according  as  it  is  required  to  dry  farter  or  flower.  It 
nmft  be  remarked  too,  that  whenever  the  mixture  is  to  be 
made,  both  the  ingredients  fliould  be  hot  3  becaufe,  if  cither 
of  them  is  cold,  the  mixture  becomes  turbid,  and  a  part^ 
often  the  whole  of  the  copal,  is  precipitated  :  but  this  incon- 
venience is  avoided  by  mixing  and  boiling  them  together,  as 
I  ha,ve  dire£ted.  It  mud  likewife  be  obferved,  that  after 
fome-  time  a  fpontaneous  alteration  takes  place,  which  di- 
miniflies,  and  at  laft  deftroys  the  drying  quality  of  this  mix- 
ture :  it  will  therefore  be  advifablc  to  ufe  it  frefli,  or  at  lea-ft 
not  to  ufe  it  after  it  has  been  made  more  than  a  month  op 
fix  weeks. 
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XIV,   VroCifs  for  producing  the  Lights  in  Stained  Drazvings, 
By  Mr.  Francis  NicholsoX;,  of  Ripfon,  Yorkjhire*. 
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HE  difficulty  of  preferving  the  lights  in  ftained  draw- 
ings, with  freedom  and  precifion,  is  fo  univerfally  felt  by  thofe 
who  cultivate  that  branch  of  the  arts,  the  pratlice  of  which 
is  every  dav  growing  more  extenfive,  that  the  ilatement  of 
this  circumftance  alone  is  fuffieient  for  the  introduction  of 
the  following  proeefs,  by  which  that  difficulty  is  removed, 
and  by  which  all  the  efiecl  of  body-colour  may  be  obtained 
witliout  any  of  its  inconveniences  or  defecls.  It  is  appli- 
cable to  every  fubjeft,  to  the  richnefs  of  foliage,  of  rocks,  or 
of  foreground ;  and  in  ruins,  their  moft  pifturefque  appen- 
dages of  hanging  (hrubs,  weeds.  Sec.  may  be  exprefled  by  it 
with  the  utmoft  fliarpnefs,  and  with  all  the  lightncfs  and 
freedom  of  which  body-colour  or  oil-painting  are  capable. 

The  principle  of  this  proeefs  confifts  in  covering  the  places 
where  the  touches  of  light  are  intended  to  be,  with  a  coni- 
pofiiion  not  liable  to  be  difplaced  by  waftiing  over  it  with 
the  colour,  and  fuch  as. may  be  afterwards  removed  by  a  fluid 
in  which  the  colours  ufed  in  water  are  not  foluble. 

This  compofition,  or  ftopping  mixture,  is  made  by  dhTolv- 
ing  bees-wax  in  oil  of  turpentine,  in  the  proportion  of  one 
ounce  of  wax  to  five  ounces  of  the  oil ;  and,  as  near  the  time 
of  ufmg  it  as  may  be  convenient,  grind  with  the  pallet-knife 
as  nuich  flake  white,  or  white  lead,  in  oil  of  turpentine,  as 
may  be  wanted  at  one  time ;  dilute  it  with  the  above  folu- 

*  The  Society  fcr  the  Encouragement  of  Arts,  &:c.  having  iaft  fcflion 
received  from  Mr.  Kicholfon,  of  Rippon  in  Yorkftiire,  a  P.awing  in^ 
tended  as  a  fpcciinen  of  the  proeefs  for  producing  tl-e  liglits  in  flained 
dr:iwin^,  by  reinoving,  after  tl.efhadows  are  'vaflied  in,  the  colour  whire 
the  lights  are  required,  giving  by  this  means  the  eifeft  of  body-colour 
with  greater  clearnefs,  and  without  any  of  its  difadvantages ;  and  it  ap-. 
pearing  that  Mr.  Nicholfon's  method  of  tinting  drawings  promifes  to  be 
of  ufe  in  the  praftice  of  drawing  in  water-colours,  and  produces  3  more 
f^)irited  tlllit,  the  Soc  ety  agreed  to  Mr  Nicholfon's  propofal,  and  pur, 
chafed  from  him,  at  the  price  of  twenty  guineas,  the  co;nplcte  proeefs  ff? 
pcrfgrpin^  the  v,-;rk,  as  comniunicated  in  the  above  pa^'er. 
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tion  until  it  will  work  freely  \yith  the  pencil,  and  appear  o« 
the  paper,  when  held  between  the  eye  and  the  light,  to  be 
opaque.  It  is  qeceffary  to  obfcrve  this,  or  the  firft  touches 
will  not  be  fufficiently  vifible,  after  being  wafhcd  over  with 
the  colours,  to  afcertain  the  places  of  the  fecond.  It  is  alfo 
neceflary  to  ufe  a  frame  inftead  of  the  drawing-board,  or  to 
pafle  the  paper  on  the  frame  of  the  drawinji-board  fo  as  to 
remove  the  panncl ;  becaufe  the  firft  and  fecpnd  touches 
muft  be  put  on  with  the  drawing  placed  between  the  eye 
and  the  light,  as  they  wjll  be  moll  vifible  in  that  fituation. 
Dn  this  frame  pafte  the  paper  wet,  fo  as  to  dry  firm  :  when 
quite  dry,  draw  the  outline,  and  proceed  as  follovys  :— 

ift,  With  a  fine  fmall  hair  pencil,  and  the  ftopping  mix- 
ture, fover  thofe  places  where  the  clear  whitenefs  of  the 
paper  may  be  wanted,  except  in  the  (ky :  let  it  dry  a  few 
minutes ;  then  wet  the  paper  on  both  fides,  ajtid  while  it  is 
wet  wafli  the  fky.  The  fliadows  of  the  clovids,  diftances, 
and  general  breadths  of  fliadow,  muft  be  put  in  with  the 
grey  tmt ;  and  over  the  places  of  the  hght,  waih  the  tints  of 
the  brighteil  light ;  thofe  will  be  generally  yellow  ochre  o^ 
light  red. 

'Jhe  light  of  the  clouds  may  be  prefcrved  (liarp  by  prefling 
on  that  part  a  piece  of  tifluc-pappr  previous  to  the  wafhing 
of  the  fl:y ;  this,  by  abforbing  the  fuperfiuous  moifture,  will 
prevent  the  colour  from  Ipreading  farther  than  is  defired. 
Suffer  the  whole  to  be  very  dry  5  and, 

:?d!v,  Touch  in  with  the  flopping  mixture,  the  fliarp  and 
prominent  parts  of  the  brightcCt  lights ;  let  them  dry  a  fev/ 
minutes,  then  waili  over  them  with  the  tints  of  the  next, 
decree  of  light, 

3dlv,  Stop  with  the  mixture  the  fccond  order  of  touches, 
qnd  wadi  over  them  wqth  the  middle  tints ;  Itrengthen  alfo 
at  the  fame  time  the  breadths  of  (liadow, 

4.thly,  Stop,  with  broad  touches  of  the  mixtvu'e,  the  places 
of  the  middle  tint ;  uniting  them  to  the  former  touches,  and 
extending  them  fo  as  to  graduate  the  middle  colours  into  the 
ihadow  :  ftrengthen  the  fhadows,  making  them  nearly  as 
darls  as  thoy  are  intended  to  be,  and  let  the  whole  be  per- 
fiaivdry.' 
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Then  take  oil  of  turpentine,  and  with  a  fponge,  or  hog's- 
hair  jicncii,  vvafh  ^vcr  the  places  where  the  mixture  has  been 
ufcc',  rubbing  it  with  the  brufli  until  it  be  diflblved  :  clear  it 
aw  ay  with  a  Uuoii  rao;,  and  wafli  it  with  more  oil  of  turpentine 
fo  long  a?  any  white  lead  appears;  then  let  it  dry. 

Warm  tiie  drawing ;  then  with  a  foft  brufli  and  highly- . 
rettified  i'pirit  of  wine  wafh  the  places  where  the  oil  of  tur- 
poniine  has  been  ufed,  to  clear  away  the  remainder  of  it; 
rab  the  drawing  lightly  on  ^hc  facc_,  but  fpongc  it  well  on 
the  back. 

When  dry,  tint  drAvn  the  lights  where  it  may  be  wanted ; 
harmonife  the  colouring,  and  cut  the  fliadows  to  cfi'ect,  with 
Itill  darker  tints  as  may  be  neceflary. 

If  other  touches  of  light  fiiould  afterwards  be  wanted  iii 
the  Ihadowed  parts,  the  colour  may  be  eafily  removed  by  a 
pencil  formed  of  fpcnge,  with  water  fufiicii-'nt  to  produce 
them  with  as  much  ftrength  as  can  be  defired ;  then  flop 
them  with  the  mixture ;  w  afli  th(i  fliadow  over  the  touches, 
bringing  it  to  the  colour  taken  off;  and,  wl)cn  dry,  remove 
the  mixture  with  the  oil  of  turpentine  aijd  fpirit  of  wiuc. 


XV.    All  Account  of  Mr.  BnoWN'i   Travels  through, 

Egjpt  and  Sjr'ia,  &:c. 

[Continued  from  page  414  of  tlie  bit  Volume.] 
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URIXG  three  or  four  davs  enfuing,  Mr.  Brown  fuficrcd 
io  violent  a  relapfe  as  to  be  unable  to  perform  the  eommoa 
otlices  of  life,  and  even  to  fuppofe  that  it  was  nearly  at  an 
end.  The  moment  any  fymptpms  of  amendment  appeared, 
he  fent  word  to  the  JNJelek  that  he  wiflied  to  be  hitroduccd 
to  the  Sultan,  and  then,  as  foon  as  poffible,  to  be  difmiffed. 
No  reply  was  made  to  this  meffage;  but  the  following  day 
he  came  to  the  tent,  with  fome  of  his  attendants,  and  defired 
to  fee  the  merchcndife  he  had  brought  with  him.  As  to 
part  of  the  articles,  conlifting  of  wearing  apparel,  8cc,  fuitcd 
to  the  great,  our  traveller  readilv  conf^'nted  :  but  this  was  not 
jufficient;  theMelek  infilled  on  feeing  the  contents  of  a  fmall 
chcllj  which  chiefly  contained  articles  iifcful  to  himfelf,  bu^ 

not 
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not  dcfigncd  for  fale.  Tlicre  were  alfo  in  it  fomc  Englifli 
plftol?,  which  he  intended  to  avail  himfclf  of  as  prefents  at 
Sennaar,  or  wherever  elfc  he  might  be  able  to  penetrate. 
Mr,  Brown,  therefore,  pofitively  rcfufed  to  open  the  cheft : 
the  Mclck  threatened  to  have  it  broke  open;  and,  as  his  at- 
tendants were  proceeding  to  do  fo.  Ah  Hamad,  the  man  who 
attended  Mr.  Brown,  took  the  key  from  its  concealment  and 
opened  the  box.  Every  thing  was  pulled  out  and  examined, 
and  many  fmall  articles  appeared  no  more  :  the  piftols  were 
referved  to  be  taken  by  the  Sultan,  after  a  violent  butfruit- 
kfri  altercation  at  the  valuation  made  by  his  own  fervants ; 
and  Mr.  Brown's  telefcopcs,  books  of  which  they  knew  not 
the  ufe,  .with  his  wearing  apparel,  &c.  were  gracioufly  left 
hrtn.  The  vaKiation  was  made  the  following  day  :  the  whole 
vras  eilimalGd  at  thirty-eight  head  of  flaves,  being  at  the 
market  price  worth  eighty,  exclufively  of  a  prefent  of  value 
tor  the  Sultan.  A  pair  of  double-barrelled  piftols,  filver 
iHOunted,  wliich  coft  in  London  twenty  guineas,  were  valued 
£t  one  ilave ;  which  can  in  general  be  purchafed,  by  thofe 
who  are  experienced  in  that  traffic,  for  the  value  of  fifteen 
piaitrcs  in  Egyptian  commodities.  On  this  Mr.  Brown  ex- 
claimed, that  if  they  meant  to  plunder,  and  if  bargain  and 
^Je  were  not  coudn6ied  in  the  country  by  the  confcnt  of  the 
parties,  biTt  by  force,  it  would  be  better  to  take  the  whole 
gratis'.  No  anfwer  was  made;  hut  tlie  day  following  twa 
oamel?.  were  brought  him  as  a  prcfent. 

The  violent  manner  in  which  our  traveller's  property  had 
been  feized,  and  the  general  ill-treatment  he  received,  had 
much  augmented  his  diiorder.  lie  had  been  lifteen  days  in  the 
tent  expofed  to  great  variations  of  temperature;  and  it  beina: 
2t  the  clofe  of  the  rainy  fcafon,  he  could  rarely  obtain  water  to 
drink,  though  tonnented  with  thirft.  Hej'.idged,  tliercforc, 
that  the  only  means  of  reftoration  were,  to  return  to  Cobbc,. 
and  avail  himfelf  of  the  flicker  of  a  clay  houfe  and  privacy, 
the  want  of  which  he  had  fo  fenfibly  feit.  The  Mclek,  beii-g 
in  poircflion  of  the  greater  part  of  his  property,  having  left 
him  only  as  much  as  would  fiipply  the  wants  of  a  few 
months,  did  not  fcem  very  anxious  about  his  Itav.  Mr. 
Brown  hirctl  therefore  two  Arabs^  and  with  the  camels  gi-  ^rt 
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•  him,  and  the  property  that  remained,  arrived  on  tl«i  third 
vi.iy  at  the  place  from  which  he  had  come.  In  tlie  intervals 
of  his  ilhui's  he  vifitcd  the  chief  perfons  of  the  place;  and  its 
the  eyes  of  the  people  became  habituated  to  him,  he  found 
lii.i  fituation  growing  fomewhat  more  tolerable.  Thougli 
idle  during  the  courfe  of  the  winter  refpecVmg  the  immediate 
objects  of  his  voyage,  he  grew,  of  courfe,  more  familiar  with 
the  manners  and  particular  diakA  of  the  country ;  for  the 
Arabic  fpoken  in  it  diBcrs  materially  from  the  vernacular 
idiom  ef  F2gypt. 

The  following  fummer  (1794)  Mr.  Brown,  having  in 
fome  degree  recovered  his  ftrength,  determined  to  go  and 
refide  for  a  time  near  the  Saltan,  both  to  fuppllcatc  for  re-' 
tirefs  of  what  he  had  already  fuffered,  and  to  embrace  any 
opportunity  that  might  offer  of  prefling  his  requeft  for  pev- 
miflion  to  advance.  Oil  his  arrival  at  El  Faihtr,  his  good 
friend  Mclek  Mifellim  being  employed  by  his  mafter  in  the 
fotith,  lie  went  under  the  protection  of  the  Melek  Ibrahim, 
one  of  the  oldell:  persons  in  authority  there,  and  took  up  his 
lodging  in  the  houfe  of  a  man  named  Mufa.  During  Mr, 
J>rown's  fuiy^atEl  Faflier,  of  three  entire  months,  he  was 
tolicitous  to  attend  regularly  the  levees  of  the  Sultan,  which 
were  from  fix  in  the  morning  till  ten ;  but  could  very  rarely 
obtain  admittance,  and  when  he  did  he  had  no  opportunitv 
of  fpeaking.  After ,  waiting  in  fruitlefs  expectation  at  EI 
Faflier,  when  the  time  of  his  departure  was  drawing  near,  an 
accident  happened,  which,  though  not  of  the  moll  pleufing 
kind,  contributed  to  make  him  noticed,  and  obtained  for 
him  at  len-ij-th  an  interview  with  the  Sultan.  One  day,  as 
ht;  was  reading  in  his  hut,  a  female  flave  belonging  to  the 

•  houfe,  a  girl  about  fifteen,  came  to  the  door  of  it,  when, 
froni  a  whim  of  the  moment,  he  feized  the  cloth  that  was 
round  her  waill,  which  dropped,  and  left  her  naked.  Chance 
fo  determined  that  the  owner  of  the  flave  paflcd  at  that 
time,  and  faw  her.  The  man  immediately  threw  his  turban 
i,n  the  earth,  and  exclaimed — Ye  believers  in  the  Prophet 
hear  me!  Ye  faiihful  avenge  me!  (with  other  fimilar  ex- 
(jfiMlJous :)  a  Caffrc  has  violated  the  proj'criv  of  a  defcendant 
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of  Mohammed  I  When  a  number  of  people  was  colIe6l^tJ 
around  him,  he  related  the  fuppofed  injury  he  had  received  in 
the  (Irongcft  terms,  and  exhorted  them  to  take  their  arms 
and  facrifice  the  Caffre.  He  had  charged  a  carbine,  and 
Siffecled  to  come  forwards  to  execute  his  threats,  when  fome 
one  of  the  company,  who  had  advanced  fartheft  and  fa\v 
Mr.  Brown,  called  out  to  the  refl  that  he  was  armed,  and 
i^repared  to  rcfift.  It  was  then  agreed  among  the  aflcmbly 
that  fome  method  of  punifhment  might  be  found  which  pro- 
tiiifed  more  fecurity  and  profit  to  the  complainant,  and  would 
be  more  formidable  to  the  guilty.  The  man  who  aclcd  as 
bis  broker  was  to  take  the  (lave  as  if  fhe  had  really  been  vio- 
lated, atnd  agreed  to  pay  whatever  her  niafter  fhould  charge 
as  the  price.  The  latter  had  the  m'odefty  to  afk  ten  head 
of  flaves ;  and  if  Mr.  Brov/n  carried  the  matter  before  the 
Cadi,  ,which  he  fuppofed  he  would  hardly  venture  to'  do,  he 
had  fuborned  wftneflcs  to  prove  that  he  had  received  of  him 
property  to  that  amount. 

■  On  Mr.  Brown's  removal  fronl  Cobbc  to  El  Fa'flier,  he 
had  caufed  his  fmall  remaining  property,  an'iong  which  were 
a  few  articles  of  value,  but  many  of  much  ufc  to  him,  to  be 
lodged  in  ihd  hoiife  of  Hoffcin,  the  owner  of  the  flave,  anJ 
his  companion.  On  his  return  thither,  which  happened  a 
few  days  after  the  accident,  he  claimed  it;  but  they  refilled, 
as  they  alleged,  at  the  furt  of  his  broker,  and  would  not  de- 
liver it  till  the  value  of  ten  (laves  fliould  be  paid  to  him.  Mr; 
Brown  from  the  fird  confidered  their  condu£l  as  fo  violent: 
that  if  it  reached  the  cars  of  government  the  claim  would 
imquefiionably  be  abandoned  j  and,  indeed,  his  adverfaries 
had  rcfted  their  expedlations  only  on  the  timidity  vThich 
they  had  been  accu domed  to  obferve  in  Chriftians  of  the 
country,  whofe  accufation  and  condemnation  a're  in  fact  the 
fame.  He  had  not  negledled  to  give  the  tranfa6lion  aJl  the 
notoriety  he  could  without  having  recourfe  to  public  autho- 
rity, and  thofe  to  whom  he  had  applied  were  decidedly  in  his 
favour.  He  therefore  now  went  to  his  advcrfaries,  Hoflein 
and  his  companion,  and  in  their  prefence  offered  to  Alt 
Hamad  a  promiflbry  note  for  the  value  of  ten  flaves  at  the 
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njarket-price  on  his  arrival  at  Kahira.  It  was  however  rc- 
Kifed ;  and  his  chcft,  containing  fome  Germiin  dollars  and 
other  articles,  was  ftill  deialned.     The  reft  was  given  up. 

Mr.  Brown  had  been  told  that  the  Sultan  was  apprifed  of 
the  tranfa<SUon  previoufly  to  liis  departure  from  El  Faflier, 
and  that  he  intended  to  grant  him  redrefs ;  but  after  waiting 
about  iifteen  days  without  hearing  any  thing  farther  of  his 
intentions,  being  Vv-eary  of  fiift'ering,  he  determined  to  return. 
He  had  been  arrived  but  a  (liort  time  when  a  fulganaivay, 
or  mefl'enger,  came  exprefs  from  Court,  with  orders  for  him 
to  repair  to  El  Faiher  immediately.  The  obje6l  of  the  mef- 
fage  was  kept  a  profound  fecret,  nor  could  he  difcover  whe- 
ther it  portended  good  or  evil.  He  left  Cobbe  the  fame  even- 
ing, and  arrived  at  tiie  end  of  his  journey  the  day  following 
about  noon.  He  repaired  as  before  to  the  Melek  Ibrahim, 
who  on  the  following  day  introduced  him  at  the  public 
audience.  The  Sultan,  as  he  retired  to  the  palace  after  it 
was  over,  ordered  all  the  parlies  to  appear.  Being  coma 
within  the  inner  court,  he  flopped  the  white  mule  on  which 
he  was  mounted,  and  began  a  fliort  harangue,  addreffing 
hiirifelf  to  Hoflein  and  Ali  Hamad  Mr.  Brown's  fervant, 
in  which  he  cenfured,  in  a  rapid  and  energetic  ftyle,  their 
conduct  towards  him  : — "  One,"  faid  he,  turning  to  Ali, 
*'  calls  himfelf  Wakil  of  the  Frank ;  if  he  were  a  Sherif  and 
a  Mulllm,  as  he  pretends,  he  would  know  that  the  law  of 
ilie  Prophet  permits  not  a  Muflim  to  be  Wakil  to  a  Caffrc: 
another  calls  iiimfclf  his  friend  :  both  are  agreed  in  robbing 
him  of  his  properly,  and  ufurping  the  authority  of  the  laws. 
Henceforth  I  am  his  Wakil,  and  will  protect  him."  He 
then  ordered  the  parties  to  repair  to  the  houfe  of  Muia  Wul- 
lad  Jelfun,  Melek  of  the  Jelabs,  under  whofe  appropriate 
jurifdiilion  are  all  foreign  merchants.  Mr.  Brown  here 
gives  the  following  account  of  the  manner  in  which  he  had 
been  before  received  by  the  Sultan  : 

"  On  my  firft  audience,"  fays  Mr.  Brown,  "  I  was  too 
ill  to  make  much  obfenation.  He  was  feated  at  a  diftance 
from  mej  the  vifit  v/as  Ihort;  and  I  had  no  opportunity  of 
opening  a  converfation.  He  was  placed  on  his  feat  {cUrJt) 
at  the  door  of  his  tent.     Some  perfon  had  mentioned  to  him 
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riy  watch  and  a  copy  of  Erpenius's  grammar  I  had  with  me. 
He  aiked  to  fee  both  ;  but  after  calling  his  eyes  on  each,  he 
returned  them.  Ilie  prefcnt  I  had  brought  was  fhewn  him^ 
for  which  he  thanked  me,  and  rofe  to  retire, 

"  Durincr  the  following:  fummer  the  fnlt  time  I  s^ot  ad- 
miffion  to  him  he  was  holding  a  divan  in  the  outer  court.- 
He  was  then  mounted  on  a  white  mule  v/ith  a  fcarlet  hemjh^- 
and  had  on  his  head  a  white  turban;  which  however,  toge- 
ther with  part  of  his  face,  was  covered  with  a  thick  niuflin". 
On  his  feet  were  yellow  boots ;  and  the  faddle  on  which  he 
•O'as  feated  was  of  crhnfoii  velvet,  without  any  ornament  of 
gold  or  filver.  His  fword,  which  was  broad  and  ftraight, 
and  adorned  with  a  hilt  of  maffy  gold,  was  held  horizontally 
in  his  right  hand.  A  fmall  canopy  of  muflin  was  fupportcd 
over  his  head.  Amid  the  noife  and  hurrv'  of  abme  a  thou- 
fand  perfons,  who  were  there  affembled,  I  was  unable  to 
make  myfclf  heard,  which  the  nature  of  n>v  fituation  enabled 
me  to  attcnjpt,  though  not  exactly  conformable  to  the  eti-- 
quette  of  the  court,  that,  almoit  to  the  exclufion  of  ftrangers, 
had  appropriated  the  divan  to  the  troops,  the  Arabs^  and 
others  connected  with  the  government, 

"  On  another  occafion  I  contrived  to  gain  admittance  tc* 
the  interior  court  by  a  bribe.  The  Sultan  was  hearing  a 
caufe  of  a  private  nature,  the  proceedings  on  which  were 
only  in  the  Furian  language.  He  was  feated  on  a  kind  of 
chair,  which  was  covered  with  a  Turkey  carpet,  and  wore  a 
red  filk  turban  ;  his  face  was  then  uncovered  ;  the  imperial 
fword  was  placed  acrefs  his  knees;  and  his  hands  were  en- 
gaged with  a  chaplct  of  red  coral.  Being  near  him,  I  fixed 
my  eyes  on  him  in  order  to  have  a  perfect  idea  of  his  coun- 
tennnce;  which,  being  (liort-fightcd,  I  had  hitherto  fcarcelv 
found  an  opportunity  of  acquiring.  He  Icemed  evidently  dif- 
compofed  at  my  having  obferved  him  thus,  and  the  moment 
the  caufe  was  at  an  end  he  retired  very  abruptly.  Some 
perfons  to  whom  I  afterwards  remarked  the  circumftance, 
feemed  to  think  that  his  attendants  had  taught  him  to  fear 
the  magic  of  the  Franks,  to  the  operation  of  which  the  habit 
of  taking  likenefles  is  imagined  by  fome  of  the  Orientals  to 
conduce.     He  is  a  man  rather  under  the  middle  fize,  of  a 
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complexion  atluft  or  dry,  with  eyes  full  of  fire,  and  features 
abounding  in  cxprcfTion :  his  beard  is  ftiort,  but  full;  aud  his 
countcnaace,  though  perfc6tly  black,  materially  differing 
from  the  negro :  though  fifty-five  years  of  age,  he  poflefl'eij 
much  alertn'.'fs  and  aflivity. 

"  At  another  of  my  vifits  I  found  him  in   the  interior 
court,  ftanding  with  a  long  ftaff  tipped  with  filver  in  his 
right  hand,  on  which  he  leaned,  and  the  fword  \x\  his  left. 
He  then  had  chofen  to  adorn  his  head  with  the  folds  of  a 
red  filk  turban,  compofed  of  the  fame  material  as  the  weftern 
Arabs  ufc  for  cin6lure.     The  Alelek  Ibrahim  prefented  him. 
In  my  name,  with  a  fmall  piece  of  filk  and  cotton  of  the  ma- 
nufa<Slure  of  Damafcus.  He  returned  in  anfwer,  Barak  ullajil 
May  the  blefling  of  God  be  on  him  !   ?.  phrafe  in  general  ufe 
on  receiving  anv  favour;  and  inftantly  retired,  without  giv- 
ing me  time  to  urge  the  requell,  of  which  I  intended  the 
offering  fliould  be  the  precurfor.    It  is  expected  of  all  perfons, 
that,  on  coming  to  El  Father,  they  {hould  bring  with  them  a 
prefent  of  greater  or  lefi  value  according  to  the  nature  of  the 
bufinefs  in  hand.    It  is  no  lefs  ufual,  before  leaving  the  royal 
refidence,  to  a(k  pcrmiflion  of  the  Sultan  for  that  purpofc. 
With  this  latter  form,  which  was  to  me  unpleafant,  I  fonie- 
times  complied,  but  more  frequently  omitted  it.    But  on  this 
occafion,  having  been   long  refideut  there,  I  thought  fit  to 
make  a  laii  eflbrt  to  promote  my  defign.     The  day  preceding 
that  which  I  had  fixed  for  my  return,  happened  to  be  a  great 
public  audience.     I  found  tlie  monarch  feated  on  his  throne 
{curji)  under  a  lofty  canopy,  compofed  not  of  one  material, 
but  of  various  fluffs  of  Syrian  and  even  Indian  fabric,  hung 
loofely  on  a  light  frame  of  wood,  no  two  pieces  of  the  fame 
patter^.     The  place  he  fat  in  was  fpread  with  fmall  Turkey 
carpets ;  the  Meleks  were  feated  at  fome  dillance  on  the  right 
and  left ;  and  behind  them  a  line  of  guards,  with  caps  orna- 
mented in  front  with  a  fmall  piece  of  copper  and  a  black 
oftrich  feather.     Each  bore  a  fpear  in  his  hand,  and  a  target 
of  the  hide  of  the  hippopotamus  on  tlie  opixjfite  arm  :  their 
ilrels  confided  only  of  a  cotton  fliirt  of  the  mamifa^lure  of 
the  country.     Behind  the  throne  were  fourteen  or  fifteen 
cuuuehs,  clothed  indeed  fpleudidly  in  habiliments  of  cloth 
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or  filk,  but  clumfily  adjufted,  without  any  regard  to  fize  or 
colour.  The  fpace  in  front  was  filled  with  fuitors  and  fpeo- 
tators  to  the  number  of  more  than  fifteen  hundred.  A  kind 
of  hired  encomiaft  flood  on  the  monarch's  left  hand,  crying 
out  z  ple'in  gorge,  during  the  whole  ceremony: — "  See  the 
buffalo,  the  offspring  of  the  buffalo;  a  bull  of  bulls;  the  ele- 
phant of  fuperiftr  ftrength  ;  the  powerful  Sultan  Abd-el- 
rachman-el-rafhid  !  May  God  prolong  thy  life,  O  mafter ! 
May  God  affift  thee,  and  render  thee  viclorious!"  From 
this  audience,  and  thofe  which  preceded  it,  I  was  obliged  to 
retire  as  I  had  come,  without  ef?'e£ting  anv  thing," 

Mr.  Brown's  reception   with   Mufa  Wullad  Jclfiin  was 
very  different  from  that  which  he  had  experienced  in  the 
houfe  of  Mifellim  or  Ibrahim.     His  behaviour  towards  him 
was  complacent,   and  he  affecled  to   feek  opportunities  of 
hearing  his  fentiments  on  fuch  fubjefts  as  occurred.     In 
obedience  to  the  Sultan's  command,  Mr.  Brown  now  gave 
in  an  exa<ft  flatenient  of  the  property  he  had  loft,  and  fub- 
ftantiated  the  proof  by  the  ftrongeft  circumftantial  evidence. 
With  regard  to  the  flave,  the  moll;  complete  redrefs  was  af- 
forded him :    the  charge  brought  againft  him  ^vas  judged 
abfolutely  futile,  and  flie  was  reftorcd  to  hermafler;  while 
he,  on  the  other  hand,  was  compelled  to  give  up  the  chefi, 
&:c.    which   had   been   violently  with-held.      The  .plunder 
which  had  fallen  into  the  hands  of  his  ferv^ant,  and  his  ac- 
complice, was  not  fo  eafily  reflored.     Tiie  Melek,  tired  of  a 
gratuitous  juflice,  began  to  think  that  a  lucrative  compofi- 
tion  was  more  eligible.     The  offenders,  who  had  been  obfli- 
nate  in  the  firft  inflance,  feeing  how  the  caufe  relative  to 
\\\(tjarca  (female  flave)  had  been  decided,  thought  proper  to 
otfer  to  the  Melek  marks  of  their  gratitude  for  the  lenity  they 
expefted  from  him  ;  and  the  Sultan  was  unwilling  to  ima- 
•rine  that  the  fufferinos  of  a  Caf^Ve  could  fall  heavy  on  him- 
fulf  at  the  day  of  final  retribution.     At  length   the  Melek, 
who  in  reality  was  fupreme  arbiter  of  the  contefl,  contented 
himfelf  with  giving  Mr.  Brown  the  intrinfic  value,  about  four 
head  of  flaves,  inftead  of  twentv-four  or  twenty-five,  which 
at  firfl  he  had  unequivocally  declared  due  to  him,  and  pro- 
Hufed  he  fliould  receive.    Thus  the  matter  was  terminated. 
[  lo  be  co:;iljded  in  the  next  i\uinber.] 
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yiVl.   Dffcription  of  (be  Palzorum  Lacns,  or  Lake  Palius,  in 
tbe  P^alley  of  NotQ  in  Sicily.     j5>' M.  Dolo.mieo  *. 

-I-  HIS  fmali  but  very  remarkable  lake,  fituatcd  at  the 
diftance  of  two  miles  weft  from  the  town  of  Palagonia,  or  of 
a  mile  from  Mineo,  is  furrounded  by  volcanic  mountains, 
and  lies  in  a  fmall  plain  fomewhat  hollow  towards  the  mid- 
dle. This  plain  is  half  furrounded  by  ftcep  rocks,  which 
give  it  the  appearance  of  a  monftrous  crater,  that  has  funlv 
down  by  Ibme  convulfion.  The  lake  is  placed  in  its  centre, 
and,  as  it  were,  in.  the  middle  of  a  funnel.  Its  depth  often 
varies,  and  confequently  its  circumference.  In  the  winter 
time  it  may  be  about  fixty  or  feventy  fathoms  in  diameter, 
and  about  ten  in  depth  ;  but  in  funmier,  when  great  drought 
prevails,  it  is  often  entirely  dry.  At  the  period  when  I  faw 
it,  which  was  in  the  month  of  May,  it  formed  an  oval  about 
thirty  fathorns  in  length  and  twenty  in  breadth :  its  depth 
was  about  five  or  fix.  It  had  a  ftrong  fmcll  of  Jew's  pitch, 
or  alphaltes,  even  at  a  confiderable  diftancc.  The  water  in 
its  colour  inclined  a  little  to  green,  and  had  an  exceedingly 
naufeous  and  difagrceable  tafte.  I  was  told  that  the  water  was 
often  tepid  ;  but  it  had,  at  the  time  when  I  examined  it,  the 
temperature  of  the  atmofphcre.  In  feveral  parts  of  it  I  ob- 
fer\-ed  a  violent  bubbling,  and  particularly  in  four  places  near 
tlie  middle.  This  bubbling  was  ftronger  at  certain  intervals, 
and  the  water  was  throv/n  up  fometimes  to  the  height  of 
two  or  three  feet,  rifing  in  this  manner  ever)'  five  or  fix 
minutes.  There  are  periods  when  this  boiling  is  ftronger 
or  weaker;  but  on  thefe  occafions  no  other  noifc  is  heard 
than  that  produced  by  the  motion  of  the  water. 

When  the  lake  is  dr)-,  one  may  without  danger  examine 
its  centre,  where  there  are  feveral  deep  holes.  From  thefe 
holes  currents  of  air,  fomewhat  warm,  continually  arife,  and 
iJirow  back  fand  and  other  bodies  if  put  into  them.  It  is 
this  aeriform  vapour  which,  when  the  bafon  is  full,  forces 
up  the  water  as  before  defcribcd,  and  makes  it  to  be  covered 
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with  foam.  It  would,  no  doubt,  be  important  to  examine 
accurately  the  nature  of  this  vapour;  but  thougli  I  was  pro* 
vided  with  the  proper  apparatus,  I  could  not  obtain  my  ob- 
jeft,  becaufe  I  durft  not  venture  to  vv-ade  into  the  water  in 
order  to  reach  the  places  where  the  bubbling  appeared,  and 
which  were  at  a  confidcrable  diflance  from  the  bank. 

The  mud  at  tlic  bottom  and  on  the  bank,  which  has  a 
black  colour,  is  tenacious,   and  fmells  like  pitch.     A  little 
petroleum  has  alfo  been  fometimes  found  at  the  furface  of 
the  water.     The  whole  foil  of  the  fmall  plain  confifts  of 
black,  tough,  refinous,  innammable  eanh.     A  few  years  ago 
fome  ftraw  huts  in  this  neig-hbourhood  havino;  been  fet  on 
fire,  the  fire  was  communicated  to  the  ground,  which  burnt 
with  a  whitifti  dull  flame,  like  that  of  the  inflammable  fprings 
in  Dauphiny,  during  feveral  months,  and  was  extinguiflied 
with  the  greateft  difficulty,  as  the  fire,   when  deftroyed  in 
one  place,  broke  out  in  another.     Since  that  period  great 
care  is  taken  not  to  kindle  fire  in  the  neighbourhood.    From 
this  phenomenon  I  am  induced  to  think,  that  the  air  which 
rifes  through  the  water  of  the  lake,  and  which  probably  finds 
a  paflage  through  the  ground,  may  be  of  an  inflammable 
nature  alfo;  as  the  air  of  marflics,  which  burns  without  any 
iioife.   The  fertility  of  this  fmall  plain  is  fo  ureat,  that  it  pro- 
duces a  mod:  abundant  crop  every  year,  without  requiring 
much  agricultural  care.   In  walking  over  the  ground  a  hollow 
noife  is  heard;  which  feenis  a  proof  of  there  being  beneath 
the  furface  fubterranean  cavities,  like  thofe  of  Solfatara  near 
I'uzzuolo.    From  thefe  circumftances  there  is  reafon  to  think 
that  this  place  has  been  formed  from  the  remains  of  a  fallen 
crater,  a  part  of  which  is  ftill  fecn  in  the  furrounding  moun- 
tains ;  and  between  this  lake  and  that  of  Agnano  near  Na- 
ples, there  is  no  other  difference  than  the  greater  quantity  of 
water  in  the  one,   and  the  more  violent  efflux  of  vapour  in 
the  other.     Some  aflert  that  the  vapour  of  this  lake  is  mor- 
tal ;  and  that  no  i)ird,  or  other  animal,  can  be  expofed  to  it 
without  being  killed.     The  vapour  alfo  which  arifes  from 
the  o-round  is  confidered  as  of  a  fuifocating  nature,  fo  that 
people  who  lie  down  on  the  earth,  or  only  bend  their  bodies 
towards  it,  are  expofed  to  the  greateft  danger ;  though  one 
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tnay  walk  over  it  without  the  lead  fear  of  any  pernicious  con- 
fcijucnces.  All  thcfe  phenomena  have  a  great  limilarily  to 
thole  of  the  Grotto  del  Cane,  near  the  lake  Agnano. 

On  the  hanks  of  the  lake  Pahus  there  are  found  a  great 
Tuanv  fniail  cluiters  of  allies  and  flag,  exaclly  like  thofe  ad- 
lirrino-  to  the  (ides  of  the  craters  of  yEtna  and  Vefuvius.  The 
mountains  and  lava  around  this  lake  exhibit  the  mod:  evident 
marks  of  their  o-reat  antiquity,  as  in  many  places  they  are 
covered  with  calcareous  ftones,  from  which  it  may  with  cer- 
tainty be  inferred  that  they  mull  have  originated  at  a  time 
when  the  prcfent  continent  was  not  inhabited.  In  the  time 
of  DIodorus  Siculus,  however,  the  crater,  which  forms  the 
prefent  bafon  of  the  lake,  fliewed  traces  of  its  internal  in- 
flammation :  as  we  are  informed  by  this  hiftorian,  that 
flames  burd  forth  from  this  fpot;  that  the  water  poffelTcd  a 
coufiderable  degree  of  warmth  ;  and  that  a  horrid  thundering 
noife  was  heard.  Being  extremely  deiirous  to  know  whether 
a  connection  aftually  exilted  between  this  volcano  and  that 
«f  ,'Etna,  as  they  are  at  no  great  diftance  from  each  other, 
I  enquired  whether  any  affinity  had  ever  been  obferved  be- 
tween the  eruptions  of  ^tna  and  the  before-defcribed  phe- 
nomena of  the  lake;  and  whether,  during  thefe  eruptions,  a 
lirongcr  ebullition  had  taken  place:  but  I  was  afl'ured  that 
no  perfon  had  ever  obferved  any  thing  of  the  kind. 

The  phenomena  of  this  lake  have  at  all  times  been  at- 
tended with  fo  many  fingularities  as  to  give  rife  to  fables 
x\ithout  number :  at  prefent  it  is  faid  to  be  inhab'ted  by  a 
fairv.  In  ancient  times  thefe  phenomena  were  afcribed  to 
the  fupernatural  power  and  influence  of  fome  deity.  On  this 
account  a  very  celebrated  temple,  the  remains  of  which  I 
could  not  find,  notwithftanding  all  the  trouble  I  took  to  dlf- 
cover  them,  was  erefted  here  to  Jupiter  and  the  nymph 
Thalia.  People  fwore  alio  by  this  lake,  with  the  fame  refpeft 
and  folemuity  as  by  the  river  Styx.  What  afionidied  the 
ancients,  and  what  even  at  prefent  excites  the  wonder  of  all 
thofe  who  vilit  this  lake,  is  the  incefTant  ebullition  of  the 
water,  though  the  leall  increafe  is  not  obferved  in  it  on  the 
bank. 

In  the  neighbouring  mountains  I  found  under  the  lava  a 
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refinous  ftrong-fmelling  fubftance  in  horizontal  ftrata,  which 
could  be  eafily  divided  into  lamins  of  from  one  to  two  inches 
in  thicknefs;  but,  in  other  refpe6ls,  the  lava  of  this  volcano 
exhibits  nothing  but  what  has  been  fecn  in  the  other  extin- 
giiifhcd  volcanoes  in  the  neiglibourhood.  The  Ya\  di  Nota 
is  the  only  part  of  Sicily  where  traces  of  ancient  volcanoe? 
are  found.  Travellers,  who  imagined  that  they  found  fome 
of  the  like  kind  in  oiher  provinces,  were  either  miftaken,  or 
i'uflered  thenifelves  to  be  deceived  by  falfe  marks. 


XVII.  Ohjervat'ions  on  the  Nature  of  the  Fog  of  I'j^T^.  Br 
M.  De  Lamanon,  CorreJpondeiU  of  the  Acade7)iy  of  Scu 
enccs  at  Paris*' ^ 


w. 


HEN  this  fog,  which  may  be  called  an  electric  fog, 
began  to  appear,  I  wiis  at  Sallon  de  Crau,  in  Provence.  In 
order  to  free  my  neighbours  and  countrymen  from  uneafi- 
nefs  as  much  as  poflible,  I  wrote  a  letter  to  M.  Artaud, 
editor  of  the  Coiir'ier  d^ Avignon^  in  which,  after  fpeakino-  of 
ihe  nature  of  the  fog,  I  faid  it  would  be  deftroyed  by  the 
llorms  that  would  not  fail  to  enfue.  The  event  fullv  juftified 
this  kind  of  prediction.  Having  learned  from  the  public 
papers  tliat  this  phenomenon  was  not  local,  but  almoft  ge- 
neral throughout  Europe,  I  made  new  obfervations,  and  tra- 
vcrfed  the  higheft  Alps  of  Provence,  Dauphiny,  and  Pied- 
mont; and,  during  the  courfc  of  my  travels,  colle6lcd  inform- 
ation refpefting  the  fog,  and  the  effects  of  the  thunder.  But 
before  I  offer  that  explanation  of  the  phenomenon,  which 
appears  to  me  moft  probable,  let  me  endeavour  to  give  an 
accurate  defcription  of  it. 

I.  Nature  and  FfJ'ccis  f  the  Electric  Fog. 

1.  In  almoft  all  countries  the  fog  \va&  preceded  by  a  florm. 

2.  It  began  the  fame  day  at  places  very  remote  from  each 
other;  as  Paris,  Sallon,  Turin,  Padua,  &:c.  where  it  ap^ 
pearcd,  for  the  firll  time,  on  the  i8th  of  June.    M.  Senebicr 

^  From  the  Jozviial  dc  rhfifue. 
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Wrote  to  the  Count  de  Saluces,  perpetual  preficlcnt  of  the 
Academy  of  Turin,  that  the  fog  was  ohfcrved  at  Geneva  on 
the  I7lh.  I  read  in  the  y^J/icbts  oi'  Dmuithmy,  that  it  be- 
gan at  Grenoble  on  the  2i{t. 

3.  A  north  wind  prevailed  in  feveral  places  when  the  foff 
began;  and  in  other  places,  where  it  bcqan  the  fame  dav,  a 
fouth  wind  prevailed.  The  fog,  after  having  ceafcd,  re-ap- 
peared in  fome  places  by  the  north  wind ;  in  others,  bv  an 

''eaft,  weft,  or  fouth  w-ind. 

4.  The  atmofphere  was  not  every  where  equally  dr^^  At 
Sallon  I  obferved  that  it  did  not  make  falts  enter  into  deliquef- 
cence;  did  not  raife  the  hygrometer;  did  not  prevent  eva- 
poration from  being  abundant;  and  did  not  even  tarnifh 
glafs,  which  I  expofed  to  It.  The  falt-pits  at  Hyeres,  in 
Provence,  cryfiallifed  a  fortnight  fooner  than  ufual  by  the 
effeft  of  the  fog.  Meffrs.  Toaldo  and  Senebier  obferved,  the 
one  at  Padua  and  the  other  at  Geneva,  that  the  liy^ronieter 
did  not  reach  the  point  which  denotes  humidity.  In  the' 
Champfaur  of  Dauphiny,  and  at  Turin,  the  fog  was  fome- 
times  humid. 

5.  The  fun,  which  was  never  feen  but  through  the  fog, 
appeared  very  pale  in  the  day-time;  of  a  blood-red  colour  at 
riling,  and  fiill  more  fo  at  fetting. 

6.  At  Sallon  the  fog  fometimes  diffufed  a  very  difao-reeable 
fmell,  difficult  to  be  determined,  and  which  fome  believed 
to  be  fulphureous.  This  bad  fmell  was  perceived  in  other* 
places. 

7.  It  was  hurtful  to  the  evc:--.  At  Sallon,  perfons  whofe 
lungs  were  weak,  found  difagreeable  eifeds  from  it.  The 
inhcibitants  of  the  ChamiJi'aur  informed  mc  thai  feveral  peo- 
ple in  that  neighbourhood  had  violent  pains  in  the  head ; 
and  that,  in  general,  they  partly  loft  their  appetite*  The  in- 
habitants of  this  valley  are  the  grcatcft  eaters  in  France: 
ftrangers,  who  refide  among  them,  and  drink  their  waters, 
eat  almoft.as  much  as  they,  and  are  not  fo  nice  as  ufual  in 
regard  to  the  quality  of  their  food.     This  I  experienced  in 

i7«3- 

S.  In  Lower  Provence,  Langnedoc,  and  other  places,  the 
fog  ripened  the  corn,  and  was  favourable  to  the  harveft.   The 
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peafants  beheld,  with  the  greatcft  fatisfaftion,  the  effeft  01 
the  fog  on  their  crops;  and  yet  were  afraid  of  it.  In  Upper 
Dauphiny,  and  at  Turin,  it  blighted  feveral  fields  of  wheat, 
and  rendered  copper  buttons  green.  In  other  places  it  dried 
the  plants. 

9.  At  Padua,  Turin,  Paris,  Salion,  Grenoble,  the  baro-* 
meter  remained  almofl  always  Itationary  at  the  point  which 
denotes  its  mean  ftate. 

10.  There  were  fome  days  remarkably  warm  ;  but,  in  ge- 
neral, the  months  of  June  and  July  were  almoft  every  where 
lefs  warm  than  ufual.  That  year  there  was  no  fummer  on 
the  high  mountains  of  Provence  and  Dauphiny,  where  the 
(hepherds  of  the  plains  of  Crau  and  Camargue  tend  annually 
numerous  flocks. 

11.  There  were  every  where  ftorms  of  rain;  and  afte? 
thefe  ftorms  the  fog  fometimes  increafed,  but  moft  frequently 
wiis  diminifhcd. 

13.  During  the  whole  time  of  the  fog,  an  eleelric  machine 
I  had  at  Salion  emitted  few  or  no  fparks.  A  philofophic 
friend  at  Sorgues,  near  Avignon,  wrote  to  me,  that  his  elec- 
trometer always  indicated  a  great  deal  of  ele6lricity  in  thtf 
atmofpherc. 

13.  On  the  4th  of  July,  at  five  in  the  morning,  M.  Nico-' 
las,  phyfician  at  Grenoble,  and  M.  Plana,  apothecary,  took 
four  meafures  of  fog  and  mixed  them  with  two  meafures  t>f 
nitrous  air:  the  abforption  was  i-4th,  and  nothing  remained 
but  a  gas,  in  which  a  candle  became  extinguiihcd  fcveral 
times.  Atmofphcric  air  generally  contains  nearly  i-3d  of 
pure  air  (oxygen  gas),  and  2-3ds  of  mephitic  air  (azotic 
gas).  Fontana's  eudiometer  gave -the  fame  refult  on  the  ytii 
of  July :  of  three  hundred  parts  of  atmofpheric  air,  thirty-two 
V  ere  abforbed.  The  air  of  the  fog,  mixed  with  inflammable 
(hydrogen)  gas,  did  not  prevent  it  from  exploding  w  hen  a 
lighted  taper  was  prefented  to  the  neck  of  the  bottle  in  which 
it  was  contained. 

14.  Almoft  all  thofc  who  have  fpoken  of  this  fog,  fay  that 
it  was  low.  When  I  was  on  the  top  of  Mount  Ventoux, 
however,  nearly  1040  toifcs  above  the  level  of  the  fea,  I  faw 
it  far  above  me.     M.  Senebier  fays,  in  his  letter  to  Couii't 
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de  Saluccs,  that  it  was  fccn  in  the  Alps  at  an  elevation 
trreater  than  that  of  Mount  Salevc,  which  rifcs  6oi  toifes 
above  the  fea.  On  the  22d  of  September  (1783)  I  afcended 
the  higheft  Alps  of  Dauphiny,  to  the  height  of  1660  toifes 
above  the  fea.  (No  one  has  yet  been  higher  in  Europe.)  The 
fiicpherds,  who  fervcd  me  as  guides,  all  afl'ured  me  that  this 
fog  had  however  pafl'ed  over  thefe  mountains. 

15.  The  lowcft  part  of  the  fog  was  the  thickefl  and  drieft. 
I  allured  niyfelf  of  this  by  proceeding  from  the  borders  of 
the  fea  to  the  fummits  of  the  higheft  mountains. 

16.  It  is  probable,  according  to  every  account,  that  this 
fog  overfpread  almoft  all  Europe,  the  iflands  of  the  Mediter- 
ranean, and  a  part  of  Africa.  It  covered  the  whole  Adriatic 
Sea,  but  extended  onlv  to  tlie  diftance  of  100  leagues  on  the 
ocean.     It  was  properly  a  continental  fog. 

17.  The  thunder  this  year  (1783)  occafioned  great  devaf- 
tation.  In  Provence  and  Dauphiny  alone  it  killed  nearly 
fixty  perfons,  and  a  great  number  of  animals.  I  have  found 
no  inliance  of  its  falling  and  doing  mifchief  in  places  higher 
than  450  toifes  above  the  level  of  the  fea.  It  would  be  too 
tedious  to  infert  here  the  name  of  every  place,  which  I  noted 
down  in  my  journal,  where  I  learned  that  the  thunder  fell. 
It  will  be  fufficicnt  to  relate  the  mofl  lingular  effects  it  pro- 
duced, and  fuch  as  may  add  to  our  knowledge  refpetling  the 
nature  of  thefe  terrible  meteors. 

According  to  Pliny,  Plutarch,  Seneca,  8:c.  the  olive,  fig- 
tree,  and  laurel,  are  never  ftruck  by  lightning.,  Porta  adopted 
this  opinion,  which  was  that  of  all  the  ancients.  Toaldo 
fays  alfo,  it  is  only  thofe  trees  which  contain  refin  that  caq 
perhaps  efeape  the  danger  of  thunder;  fuch  as  the  olive-tree, 
laurel,  fir,  and  fome  others  of  the  like  kind.  This,  in  all 
probability,  is  the  foundation  of  the  pra6lice,  common  amoug 
the  populace,  of  keeping  in  their  houfes,  and  placing  on  the 
fummits  of  fteeples  and  at  the  corners  of  fields,  branches  of 
olive  that  have  been  blefTed,  and  of  burning  them  in  their 
lioufes  during  ftorms.  It  is  p(311ible,  and  even  probable,  that 
trees  of  this  kind  may  be  Icfs  frequently  flruck  by  lightning 
than  thofe  which  contain  a  great  deal  of  aqueous  juices ;  but 
I  can  fiirertj  that  thefe  preferyativcs  of  the  ancients  are  not 

M  i  enuu4 


$4  Obfervatlons  en  the  Fog  o/"  1783. 

equal  to  our  condu6lors.  On  the  21ft  of  June  the  lightning 
burnt  the  leaves  of  a  fijj-trec,  and  all  the  bark  of  an  olive- 
tree,  in  the  territory  of  Sallon ;  and  I  learned  that  the  fame 
thing  had  happened  formerly,  and  that  there  even  had  been 
fig-trees  and  olive-trees  fplit  and  tore  to  pieces  by  thunder. 

There  is  fome  kind  of  thunder,  fays  Seneca,  accompanied 
with  a  loud  report,  by  which  men  fall  dead,  and  fome  be- 
come ftunned  and  lofe  their  fenfes.  In  1783  I  faw  feveral 
inftances  which  confirm  the  truth  of  this  obfervation.  At 
Pellifanne  in  particular,  which  is  fcarcely  a  league  from  Sal-> 
Ion,  the  thunder,  attrafted  by  an  iron  crofs,  killed  two  per- 
fons,  and  deprived  feveral  others,  as  it  were,  of  their  fenfes. 
The  fame  thing  happened  at  Freiffinoufe,  in  Dauphiny. 

Thunder  fometimes,  fays  Seneca,  renders  wine  frozen  and 
congealed.  Of  the  two  perfons  killed  by  the  thunder  at  Pel- 
lifanne, one  loft  immediately  all  his  natural  heat,  and  the  body 
was  found  extremely  cold.  Thunder  mult  fometimes  pro- 
duce  thefe  efll-cls  by  occafioning  a  ftrong  and  fpeedy  evapo- 
ration. 

Bodies  ftruck  by  thunder,  fays  Plutarch,  do  not  corrupt; 
dogs  and  birds  do  not  eat  them.  This  may  fometimes  be 
the  cafe,  but  I  know  feveral  examples  of  the  contrary  ^,  On 
the  day  of  the  fair  of  Villefranche  (July  2Zd)  the  tliunder 
killed  a  mule,  which  corrupted  fo  foon  that  it  was  found 
neceflary  to  remove  it.  About  eight  or  nine  years  ago,  fe- 
veral flieep  were  killed  by  lightning  on  the  mountain  of  Se- 
deron  in  Provence ;  and  the  fhepherds  abftained,  for  a  long 
time,  from  approaching  the  place,  on  account  of  the  bad 
fmell  which  they  emitted.  On  the  ift  of  July,  about  four 
in  the  afternoon,  the  lightning  fell  at  Carpentras  on  the 
Lazaret,  (a  place  where  thofe  who  died  of  the  plague  were 
formerly  buried,)  and  fet  fire  to  the  wood-work.  The  fire 
being  communicated  to  feveral  quintals  of  gunpowder,  an 
explofion  took  place,  by  which  five  perfons  were  killed  and 
fifteen  wounded.  The  fame  flafh  of  lightning  traverfed  the 
convent  of  the  Carmelites,  and  melted  part  of  the  fcilTars  of 
the  pnor :  it  killed  alfo  a  cow,  which  was  eaten  without  any 
bad  confpquence. 

»  See  Mr.  Accard'i  Experiments,  in  Fkil^^^uphical Morr.xif:e,'\"o\ .  HI.  p.  5  r. 
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Towards  tlie  end  of  the  month  of  June,  the  cure  of  Efpi- 
noufe,  in  Provence,  Handing  at  the  door  of  the  church  ia 
order  to  exorcife  the  thunder,  was  killed,  as  well  as  hi?  maid- 
fervant  and  his  clerk.  At  Mane,  in  Provence,  the  bell-rinjrcr 
was  killed  bv  it.  On  the  26lh  of  Augult  the  lightning  was 
attradted  by  the  iron  crofs  on  the  church  of  Sigoger  du  Hai, 
in  Dauphiny;  and,  going  round  it  both  on  the  inlide  and 
outfide,  frightened  the  ringer  fo  much  that  he  fwore  he 
would  never  return  thither  again  in  the  time  of  a  ftorm.  At 
Pernes,  in  the  Comtat,  it  overturned  a  crofs.  This  crofs,  the 
-remains  of  which  I  faw,  was  of  white  calcareous  ftone,  and 
faftened  by  a  bar  of  iron  to  a  column  of  coquilliere  ftone  *  of 
a  ycllowifli  colour.  The  iron  had  difappcared  ;  a  part  of  the 
column  w-as  fliivered,  and  blocks  of  it  carried  to  the  diliance 
of  more  than  twenty-live  paces. 

At  Aix  the  thunder  dried  up  a  beam,  and  left  in  one  place 
only  the  fibrous  part.  At  Freffinoufe,  in  Dauphinv,  it  killed 
two  oxen  ;  deprived  a  labourer  of  his  fcnfcs,  and  carried  away 
one  of  his  toe-nails.  I  mud  here  remark,  that  his  ilioes 
were  iliod  with  iron.  At  La  Motte  du  Caife,  in  Provence, 
it  entered  at  a  window,  where  there  was  lao  iron,  and  went 
out  at  the  chimney.  At  Claret  it  unfaddled  an  afs  without 
doing  him  any  hurt,  and  carried  the  packfaddle  to  a  confi- 
derable  diltance.  In  feveral  places,  and  particularly  at  Ba- 
non  in  Provence,  the  lightning  tore  off  the  hair  from  the 
heads  of  feveral  women.  At  Saint  Criftol,  in  Provence,  it 
carried  away  the  half  of  a  girl's  body.  At  Avignon  it  carried 
away  the  half  of  a  cat.  I  had  this  facl  from  M.  Sauvan, 
who  on  that  day  (June  31ft)  obferved  the  ball  on  the  fteeple 
of  the  Grands  Auguftins  of  Avignon  covered  with  a  crown 
of  light,  which  continued  three  quarters  of  an  hour,  and  dif- 
appcared at  eleven  at  night. 

On  the  22d  of  July  there  fell  a  great  quantity  of  hail  at 
Saint  Efprit:  it  was  of  a  very  large  lize,  A  girl,  ftruck  on 
the  head  by  a  grain  of  it,  anplicd  her  hand  to  the  place  and, 
found  her  hcad-drcfs  on  tire. 

Qn  the  :;i{l  of  June  afccnding  thunder  was  feen  at  Sallon ; 

*  A-kind  of  ftone  mixed  v.'icli  abundance  of  Uiells. 
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like  phenomena  were  obrervcd  the  fame  day  in  feveral  other 
places.  In  feveral  villages  through  which  I  paffed,  I  was 
Jhtrwn  a  great  mtmbtr  of  trees  dripped  of  their  bark  by 
tlie  thunder ;  and  I  remarked  that  the  part  of  the  bark,  or 
^vood,  carried  away,  was  almofl  always  broad  at  the  bottanj 
of  the  tree,  and  narrow  at  the  fummit.  It  would  feem  as  if 
the  lio-htning  had  met  with  obltacles,  and  that  it  had  net 
the  fame  force  when  it  attacked  the  highev  parts  of  the  tree. 
In  my  opinion  the  thunder  which  produced  thefe  eftefts  was 
all  afcending;  and  I  often  obfcrvcd  holes  at  the  roots  of  the 
trees  which  had  been  deprived  of  their  bark.  I  obferved  alia 
tliat  dry  land  had  been  lefs  flruck  with  the  lightning  than 
Bioid  land,  whjclj  induces  me  to  believe  that  the  greater  part 
of  tlie  thunder  that  year  was  afcending. 

II.   Thoughts  on  the  Origin  of  the  ElcSiric  Fog. 

Se^'cral  philofophers  adopted  the  opinion  of  the  populace, 
and  confidered  this  fog  as  a  natural  effect  of  the  earthquake 
which  laid  wade  Sicily  and  a  part  of  Calabria.  Toaldo 
thought  that  all  thefe  exhalations  were  brought  from  Calar 
bria  aad  Sicily  by  the  winds  v>  hich  blew  from  the  fouth- 
v/ard :  but  this  refpccSlable  philofophcr,  at  the  time  vi'hen 
2i€  wrote,  did  not  know  that  the  fog  was  almofl  general 
throughout  Europe.  Bcfidcs,  the  earthquakes  in  Calabria 
<^nd  Sicily  took  place  chiefly  in  February,  and  the  fog  did  not 
appear  till  the  middle  of  June  j  that  is  to  fay,  till  more  than 
four  months  after.  \n  my  opinion,  then,  this  fog  was  not 
occafioned  by  the  earthquakes  of  Calabria  and  Sicily ;  but 
the  fos;  and  thefe  earthquakes,  as  well  as  thofe  which  we  are 
affured  took  place  in  Iceland,  had  a  common  caufe,  which 
produced  diii'erent  eftc'cls  according  as  they  were  modified 
by  circumftances  and  the  nature  of  the  places.  Let  us  now 
fcarch  for  this  caufe;  we  fhall  find  it  in  the  annals  of  mete- 
orology, and  nothing  is  necefl'ary  but  to  diftinguidi  it. 

I  have  faid,  in  another  place  *,  that  the  conltitution  of  the 
atmofphere  depends  chiefly  on  the  nature  and  form  of  the 
ground,  and  that  the  revolutions  cf  the  air  arc  fubject  to  the 
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t^volutions  of  the  earth,  over  which  they  have  an  influence 
In  their  turn.  If  we  confidcr  the  different  bodies  or  fub- 
rtances  of"  which  tlsat  part  of  the  earth  known  to  us  is  com- 
pofcd,  wc  {hall  fee  that,  notvvithftanding  their  apparent  reft, 
they  ail  obey,  as  we  may  fay,  an  inteltinal  motion  ;  and 
that  this  motion  gives  continual  rife  to  new  compofilioni 
and  combinations,  the  conne&ion  of  which  efcapes  us,  but 
which  ncvcrthelefs  exilh  The  remains  of  animals  and  ve- 
gctabh-s  ftill  diilinguifliablc,  and  which  occupy  fo  much 
room  in  our  globe;  the  acids  which  attack  them  ;  the  aeri- 
form fluids  difengaged  from  them  ;  the  metals  and  pyrilss 
brougiu  to  perfection,  or  decompofcd  ;  the  fires  feparatctl,  or 
coUetled ;  the  fermentations  and  effervefceiaces ;  in  a  worJ^ 
the  innumerable  dec<)mi)ofition3  and  recompofitions  of  all 
the  parts  of  the  earth,  furnifli  abundance  of  fublle  matter^ 
whi*:h,  by  its  levity,  difengages  itfelf  at  the  fiirface  of  the 
globe,  cannot,  in  certain  circumftances,  refift  the  gravity  of 
the  air,  and  rifcs  fomctimes  to  the  fummit  of  the  almofphere. 
On  the  other  hand,  the  rains  which  fall,  moift  fogs,  and  fe- 
veral  other  caufes,  make  a  part  of  the  water,  which  de- 
tjvhcs  itfdf  from  the  air,  to  penetrate  the  earth,  and  to  com- 
bine with  the  fubftance  of  thefc  exhalations.  It  is  after- 
wards, in  part,  attracted  by  the  external  heat,  or  repelled  by 
the  heat  of  the  earth  itfelf;  but  it  never  returns  to  the  atmo- 
fpherc  as  pure  as  it  was  when  it  iflued  from  it.  It  carries 
with  it  a  great  part  of  that  fubtle  matter  of  which  I  have 
fpoken  ;  and  it  is  this  ailerwards  which  produces  thunder, 
and  ahnolt  all  fiery  meteors.  There  is  then  a  continual 
connnunication  from  the  earth  to  the  atmofphere,  and  from 
tiic  atmofphere  to  the  earth.  The  greater  part  of  thefe  ex- 
halations, in  general,  is  fpecifically  heavier  than  tlie  atmo- 
fpheric  air;  atid,  if  they  are  not  impregnated  with  a  certala 
quantity  of  water,  they  cannot  quit  the  eartli.  They  mufr 
iieceffaiily  be  there  collected,  and  accumulate  to  a  greater  or 
Jcfs  depth  in  the  time  of  great  droughts. 

Let  us  now  confult  our  regillers,  and  thofe  of  different  ob- 
icrvers,  and  we  Ihall  fee  that  there  had  prevailed,  at  leaft  for 
Ji;nc  years,  an  extreme  drought,  not  only  in  Europe,  but 
aljo  iu  .Urjca  and  America.     This  was  aimounccd  year  after 

year 
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year  by  our  dameftic  as  well  as  foreign  gazettes ;  -ana  we 
may  conclude  fo  from  the  minute  obfervatlons  of  the  cele- 
brated Van  Swinden,  and  the  tables  publifhed  by  Toatdo, 
Cotte,  Beraud,  Beguelin  de  Romily,  k.c.  Sometimes,  in- 
deed, rain  took  place  in  one  country  or  other;  but  in  gene- 
ral, till  the  preceding  winter,  an  extraordinary  drought  prc- 
railed.  It  began  about  1774,  and  in  the  month  of  June  1782 
was  extremely  great  in  Italy  and  in  our  fouthern  province?* 
We  experienced  at  thart  period  a  fuffocating  heat ;  the  earthy 
as  we  may  fay,  feemcd  to  be  on  fire,  and,  in  the  Plain  of 
Camarcrue,  fcorched  the  feet  of  the  reapers  to  fuch  a  degree 
that  they  were  obliged  at  length  to  walk  upon  flraw :  feveral 
died  of  heat  with  the  fickles  in  their  hands,  and  there  were 
a  oreat  many  fick.  In  a  word,  the  drought  and  heat  were  fo 
exceflivc,  that,  at  two  leagues  from  Sallon,  the  fpiders,  which 
in  general  are  not  venomous,  occafioned  by  their  bite  violent 
difeafes,  which  had  a  great  affinity  to  thofe  occafioned  by  the 
bite  of  the  tarantula. 

In  confequence  of  this  great  drought,  the  exhalations  of 
the  earth,  fpecificaily  heavier  than  the  air,  and  deprived  of 
that  humiditv  which  ferves  them  as  a  vehicle,  remained  in 
the  bofom  of  the  earth,  where  they  muft  have  formed  im- 
inenfc  accumulations.  The  winter  of  178Z — 1783  was  rainy, 
particularly  in  Calabria  and  Sicily ;  and  the  Alps  were 
covered  Vv-ith  a  great  deal  of  fnow.  The  fpring  alfo  was  in 
general  rainy.  The  water  then  being  filtered  into  the  bowels 
of  the  earth,  was  at  firll:  abforbed  by  the  very  dry  exhalations 
there  confined.  This  humidity,  added  to  the  warmth  of  the 
fprin?,  no  doubt  occafioned  etTcrvefccnces  and  fermentations; 
fo  that  the  exhalations,  difengaging  themfelves  with  violence, 
in  certain  places  convulfed  the  earth,  as  was  the  cafe  in  Ca- 
labria and  Sicily.  In  proportion  as  the  water  filtered  into  the 
earth  by  its  own  weight,  it  found  new  exhalations,  which, 
by  difengaging  themfelves,  occafioned  new  convulfions,  but 
lefs  confiderable  on  account  of  the  lefs  abundance  of  thefe 
exhalations.  In  places  where  they  were  heated  by  their 
mixture,  they  liquefied  ftones,  and  threw  up  volcanic  rflands, 
as  in  Iceland.  In  the  lafi  place,  thefe  fubtle  exhalations 
rifing  into  the  atmofphere  from  all  part?,  with  the  vapours, 

which 
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wiiich  ferved  them  as  a  vehicle,  did  not  at  Hrft  ahcr  its  pu- 
rity, beins:  intimately  connected  with  it;  but  they  nevcrthe- 
Jcls  exiiled,  and  produced  in  its  highell  regions  the  muhif 
plied  hales,  parafelena  and  parhelia  obferved  that  year.  Th$ 
heat  incrcafing,  and  the  earth  continuing  to  furnifli  exhala- 
tions in  proportion  to  the  preceding  humidity,  thele  wer^i 
communicated  to  the  atmofphere  in  a  majiner  almoft  i^ifea- 
fible  :  but  the  atmofphere  being  at  length  faturated,  fhefe 
exiialations  underwent  new  decompofitions ;  (terms  were 
formed,  the  atipofphere  was  cooled,  and  fuifered  to  efcape  a 
part  of  thefe  exhalations,  which  fell  again  towards  the  earth, 
and  in  one  dav  Europe  was  covered  with  a  dry  fog  *.  Loca} 
i;ircumftances,  in  regard  to  moidure,  winds,  and  flouds, 
fxcuipted  certain  ])laces  from  it  fqr  fome  lime.  The  earth, 
however,  continuing  to  furnifli  exhalations,  and  thcfe  being 
united  to  thofe  which  the  atmofphere,  as.  we  may  fay,  had 
depofitcd,  defcending  and  afcendiug  thunder  were  feen  till 
the  exhalations  of  the  earth  and  the  jitinofpherc  were  con.- 
fumed.  The  atmofpliere  being  gradually  pur!^Ied,  and  the 
fource  of  the  exhalations  exhaufted,  the  earth  ceafed  tq  bg 
convulfed. 


XVm.  Report  on  the  Coni'crjlon  of  Soft  Iron  into  Cafi  Stefl 
by  means  of  the  Diamond.  Read  in  the  French  iSiatiojial 
Ii/jliti{te,  Tbermidor  %6,  Year  ^.     Bj  C.  Guyjox  f, 

JL  HE  Clafs  will  rccollcol  the  account  wliicli  I  gave  of  ths 
grand  experiment  of  the  combullion  of  tlie  diaipoud  in  oxy- 
gen gas  in  the  focus  of  the  lens  of  Ti'chirnhaufen,  and  the 
aew  facts  which  I  thence  deduced  rcfpefting  the  true  nature 
of  the  diamond ;  plambago,  which  is  its  oxyd  in  the  firfl 
degree  ;  carbon,  which  is  its  oxyd  in  the  fecond  degree ;  and 
the  carbonic  acid,  wjjich  is  the  produce  of  its  C()mplctc  oxy- 

•  The  fame  fog,  I  pre^jme,  took  p'ace  in  Arperica,  wli.ere  ^herc  hitl 
ix.cn  great  complaint  cM  drought  for  eight  j-cars.  It  was  not  fcen  in  the 
open  fca,  becaufe  it  was  ahforbcd  by  t'lc  water:  for  this  reafon  it  did  not 
«,ipcar  in  countries  where  the  Iky  was  overfprcad  with  clouds. 

t  From  the  Anncdf:  cii  CoLnle,  No.  <^i. 
Vol.  Y.  ^  grnatio;^, 
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genntion.  They  fuggcftcd  to  our  brother,  C.  Clonet,  the 
idea  oFfearching  for  a  confirmation  of  a  new  kind,  by  trying 
to  make  foft  iron  pafs  to  the  llatc  of  fteel  by  cementation 
■with  the  diamond. 

It  has  hitherto  been  confidered  as  cert-iin,  that  iron  docs 
'  rot  melt  but  by  paffing  to  the  ftate  of  Itcel  or  call  iron.  But 
in  what  ftate  does  the  carbon  enter  into  that  combination  ? 
It  might  be  conjeflured,  that  it  is  in  the  ftate  of  plumbago, 
or  oxyd  of  the  firft  degree ;  fince  that  \yhich  is  feparated  by 
acids  exhibits  the  brilliant  blacknefs  and  incombuftibility 
which  form  its  principal  characters.  Hence  fome  were  in- 
clined to  conclude,  that  the  carbon  entered  into  this  union  iu 
the  ftpte  of  an  oxidule;  that  confequently  the  carbon  em- 
ployed in  the  cementation  of  fteel  began  by  deoxydating  it- 
felf  to  a  certain  degree.  This  was  even  in  fome  meafurc 
proved ;  as  the  carbon  employed  for  this  operation  was  in- 
deed found  to  have  a  more  brilliant  afpc6l,  and  nearly  refilled 
incineration,  like  carbon  in  a  mafs  burnt  in  clofe  vefTeis, 
But  if  carbon  really  burns  in  th,e  cementation  of  iron,  it 
ought  to  difengage  n-om  it  oxygen  gas.  This  is  a  queftiou 
which  I  have  endeavoured  to  refolve  by  experiment. 

I  cemented  fmall  bits  of  iron  in  a  porcelain  retort,  whicl^ 
in  the  preceding  operation  had  received  a  vitreous  coating, 
and  which  cc.nfequently  was  no  longer  permeable  to  air. 
Thefe  fragments  were  all  furrounded,  on  every  fide,  by  char- 
coal of  beech  pulvcrifed,  and  very  dry.  The  retort  was  put 
into  the  reverberating  furnace,  and  a  tube  connected  to  it 
and  carried  under  a  receiver  filled  with  mercury.  There  was 
difengaged  a  quantity  of  elaftic  fiuid,  compofed  of  carbo- 
nated hydrogenous  gas  and  carbonic  acid  gas,  the  laft  ol 
which  was  at  firft  only  O'li  in  bulk  ;  towards  the  niiddle  o; 
the  experiment,  0-13  ;  and  at  iheend,  0*15. 
•  The  converfion  of  iron  into  ftecl  being  found  only  little 
advanced,  after  three  hours  and  a  half  expofurc  to  the  fire, 
we  put  the  fame  iron  and  the  fan^e  carbon  again  into  the 
retort,  and  cxpofcd  it  to  the  heat  of  a  threc-bl.aft-furnace. 
This  time  there  was  only  a  very  fmall  quantity  of  gas;  but 
jt  was  ftill  carbonated  hydrogenous  gas  mixed  with  carbonic, 
acid  p;as.  and  always  v.'ith  the  fame  progrcftion  of  the  latter  j 

wliic^ 
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..  hich  made  at  firft  only  O'oy  of  volume,  while  the  laft  por- 
(ions  contained  0*12.  The  iron  on  this  occafion  was  con- 
verted into  fteel,  and  even  the  fragments  had  united  by  al 
commencement  of  fufion. 

It  was  very  probable  that  a  part  of  the  carbonic  acid,  col- 
Ie6led  in  this  operation,  might  have  been  formed  at  the  ex- 
pence  of  the  remaining  carbon  and  with  difengaged  oxvgen  ^ 
but  the  conftant  prefence  of  the  hydrogen  only  fervcd  to  in- 
dicate the  difficulty  of  freeing  the  carbon  entirely  from  the 
lali  portion  of  water  it  coiitained.  I  fliall  here  take  occafion 
to  obferve,  that  this  experiment  feems  not  at  all  reeoncile- 
able  with  the  opinion  of  fome  chemiiiis,  that  hydrogen  has 
more  affinity  than  carbon  for  oxygen  :  an  opinion  which" 
they  found  on  this  circumftance,  that  carbon  is  precipitated/ 
in  Volta's  eudiometer,  when  a  mixture  of  oxysren  gas  and 
carbonated  hydrogen  gas  is  made  to  detonate,  if  a  quantity 
of  oxygen  fufficient  to  acidify  the  two  bafcs  has  not  becrr 
employed.  I  fay,  that  this  affinity  was  not  exerted  in  my 
experiment:  for  it  cannot  be  doubted  that  the  temperature 
was  high  chough  to  reproduce  water  by  the  union  of  the 
oxygen  and  hydrogen ;  and  we  can  here  fee  nothing  whick 
could  decide  a  preference  of  the  oxygen  for  the  carbon, 

Tliefe  confideraiions  fcemed  to  me  fufficient  to  create  3 
new  intereft  in  regard  to  the  experiment  propofcd  by  C 
Clouet.  I  did  not:  hefitate,  therefore,  to  cnrploy  in  it  one 
of  the  diamonds  preferved  in  the  cabinet  of  the  Polytechnic 
fch.ool,  according  to  the  leave  granted  by  the  Council;  being 
perfuadcd  that  if  it  difappeared  in  the  operation,  merely  by 
cxpofure  to  a  high  temperature,  in  contaft  with  iron,  without 
tlie  acceffion  of  the  air  or  any  other  oxygenating  fubllance^ 
the  fa(5l  thereby  eftabliffied  would  leaX'e  no  room  to  regret 
iiaving  facrificed  it. 

Citizen  Clouet  had  himfelf  prepared  a  fmall  crucible  of 
foft  iron,  forged. on  purpofe  out  of  picked  heads  of  nails.  Its 
form  was  a  folid  of  eight  plaiies.  (Plate  II.  fig.  3") .  It  was  (liut 
by  a  ftopper  of  the  fame  iron  well  adjiifted.  (Fig.  4.) 

This  crucible  was  to  be  placed  in*  a  Heliian  crucible,  fur- 
niihcd  whh  a  cover  well  luted.  This  was  all  the  appa- 
Ti'tus  for  the  experimen-t.     I  cannot  give  a  better  idea  of  the 

N  3  refuk' 
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fefult  thaiu  by  the  fcport  drawn  up  by  C.  Cloiiet,  Welter^ 
and  ilacbette; 

Kepori  of  the  Experhnent  maJe  at  the  Polytechnic  School^ 
Therinidor  25;,  Year  7,  refpcclitig  the  Converjion  of  Iron 
into  Steel  by  the  Diamond. 

'^  The  diamond  employed  weighed  907  miJligrammes.    Ai 

It  did   not  entirely  occupv  the  crucible,  we  filled   it  with 

filings  of  the  fame  iron  ais  that  of  which  it  was  formed.    The 

crucible  was   (hut  by  its   iron  (topper,   which  was  forcibly 

thruft  home,  thst  as  little  air  as  poffibk-  might  remain  iii- 

the  j'nfidfe. 

Gramme^. 

^'  The  crucible  and  ftopper  weighed  together     -  -          c^^.di 

^*  The  iron  filings  which  covered  the  diamond      -         2 


**  Total  weight  of  the  iron  furrounding  the  diamond      57.8 

'^  xVfler  having  cut  off  the  cxcefs  of  the  ftopper  *,  the  cru- 
cible was  placed  alone,  and  without  the  addition  of  any  fur- 
rcnindihg  matter,  in  a  very  fmall  Hefiian  crucible,  and  the 
latter  in  a  fecond  crucible  of  the  fame  earth;  but  the  fpacc 
betv.ccn  the  two  latter  crucibles  was  filled  with  filiceous  fand 
,  free  irom  all  ferruginous  particles.  In  the  laft  place,  the 
large  crucible  was  luted  with  earth  arifing  from  pounded 
crucibles  and  unbaked  clay,  and  the  whole  was  expofed' 
about  an  hour  to  a  three-blalt-rorge  fire. 

•'  The  whole  being  cooled,  we  found,  in  the  Interior  Hef- 
iian crucible,  the  iron  converted  into  an  ingot  of  caft  (leel. 
(See  fig.  5  )  It  formed,  with  the  ftopper  and  fiHngs,  but 
One  round  mais  well  terminated,  fome  few  globules  excepted,- 
which  were  detached,   and  which  weighed  only  884  milH- 

grammcs. 

Grammes, 
*•' The  ingot  of  caft  fteel  v»-clghed  -  -  55'jOO 

"  The  detached  globules         >  _  .         _         0.884 


''  Total  weight  of  the  ftecl'  obtained  -  -         S^-i^K 

*  This  portion  of  the  ftopper,  ss  v.-cil  as  tlie  remaiiuk-r  of  the  ingot  of 
which  the  crucible  was  formed,  were  fubjtctcd  to  the  Cials  for  infjcttion, 
Jo  order  tyj "  ccitaiil  ihe  haf.'.re  if  the  iroa  employed. 
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'^  The  iron  and  the  diamond  weighed,  hefore  the  opera- 
tion, 58.707  graujnies  ;  from  which  it  follows  that  there  vva.^ 
u.  Icjfs  of  iron  about  2.423  grammes.  This  iron  had  given  to 
the  Heflian  crucible  the  colour  of  plumbago. 

*'  (Signed)     Clouet,  Wklteh,  IIachette." 

The  fulion  of  the  iron  being  fo  far  perfect  as  to  fhew  oil 
its  furfacc  the  rudiments  of  ths  moft  beautiful  cryftaliifation, 
it  is  not  pofQble  to  think  that  any  part  of  the  diamond  coulcf 
have  remained  in  the  infide  untouched,  or  that  it  was  not  in 
ihc  moil  intimate  ftate  of  combination.  The  diifcrcnce  of 
the  fpeeific  gravity  oppofes  fuch  an  idea*. 

Thus  the  diamond  dlfappearcd  by  the  aflEinlty  which  iron 
exercifed  on  it  by  the  help  of  the  high  temperature  to  which 
they  were  both  expofcd,  in"  the  fame  mnn'ner  as  a  metal  dlf- 
appears  in  the  ahay  of  another  metal. 

The  diamond,  therefore,  has  furnifhed  here  the  fame  piih- 
tiplc  as  carbon,  fince  the  produft  of  the  union  has  the  fame 
properties. 

Th*;  convcrf^on  iirto  fteel  Is  not  doubtful.  The  ingot  hav- 
ing been  polKhed  on  a  lapidnrv's  wheel,  a  drop  of  weak  ni- 
trous acid  immediately  produced  a  dark-grey  fpot,  abfohitely 
hke  that  exhibited  ort  EngHfh  cad  fteel,  and  on  caft  fteel 
produced  by  the  procefs  of  C.  Glouet.  Thofe  who  have  often 
tried  fteel  by  this  kind  of  proof,  long  ago  pointed  out  by 
Rinmanii,  had  oceafion  to  remark,  that  the  fpot  of  caft  fteel, 
though  very  fcnfible,  is  however  lefs  black  than  that  of  flcel 
made  by  cementation,  which  depends  perhaps  on  the  ditlercnt 
degree  of  oxydation  of  the  carbon  which  they  have  taken  in. 

Explanation  cf  the  FiGvnES. 
A,  ijg.  3,  (Plate  II.)  is  the  plan  of  the  iron  cmcible. 
B,  a  feotion  of  this  crucible.  C,  fig.  4,  the  ftopper  of  the 
Crucible.  D,E,  fig.  5,  ingot  of  call  fteel  feen  in  perfpe<ftive. 
The  fpot  f.5rmed  by  the  nitric  acid  on  the  pcliflied  part  h 
reprefented  at  a. 

*  Some  pcrfoiis  iisviiig  eKj'reffed.a  tiefire  ro  fee  the  iafuieof  the  ingor, 
it  r/as  broken  on  the  unvil,  which  was  not  eiTeiEled  wiihout  fcveral  b!cws 
from  a  very  luge  hamnser.  It  divided  itfelf  into  two  fragments,  winch 
were  exhibited  at  the  nex*  fming;.  The  fracture  apiJcartd  perf,.ctlv  uni- 
fcrr.i,  a-.  J  i^f  th':  mof;  bt:au:if';i  g'"»'n^ 

XIX.  AV///^ 


i:  94  1 

XlX.  Ninth  Communication  from  X)r,  Thornton,  Vhj- 
Jic'ian  to  the  General  Dlfpcnfary ^  relat'ii'e  to  Fneumat'ic 
Medicine. 

A  DISEASED    LIVER   CURED    BY   VITAL    AIR< 

JL  HE  butler  of  Colonel  Ironfide,  who  had  been  long  refi- 
dent  in  India,  laboured  for  feveral  years  under  a  well-marked 
liver  complaint.  He  had  been  under  the  care  of  Dr.  War- 
ren, and  other  phyficians,  without  experiencing  any  efTenlial 
advantage.  Colonel  Ironfidc,  as  all  other  means  had  been 
ineffe6lual,  wiflied  him  to  try  the  vital  air.  He  accordingly 
came  under  my  care,  and  the  fame  tonics  were  employed  as 
he  had  before  taken ;  therefore  I  afcribe  the  cure  to  the  vital 
air,  which  was  conjoined  with  thefe,  and  which  foon  com- 
pletely reftored  him  to  health  j  and  he  has  continued  welP 
iiow  above  a  twelvemonth. 

Ohfervations. 
When  animals  placed  in  pure  vital  air  v/ere  deftroyed  ty 
fo  powerful  a  ftimulus.  Dr.  Beddoes  foand  the  liver  not 
liver-coloured,  but  of  a  florid  red.  We  therefore  can  eafily 
fuppofe  it  to  acl  on  this  organ  when  given  in  a  moderate' 
way :  and  as  the  oxyds  of  mercury  and  the  nitrous  acid, 
which  are  the  beft  remedies  for  this  difeafe,  a6t  chiefly  from- 
their  contained  oxygen,  it  is  probable  that  the  vital  air  will 
hereafter  be  found  a  fpecific  in  this  complaint,  pofreffing  fu- 
perior  advantages  over  both  thefe  remedies,  and  will  fuper- 
cede  them,  although  it  cannot  be  put  up  into  two-ounce 
phials,  the  principal  obje£lion  raifed  againft  it ;  for  the  airs 
can  now  (which  originated  from  my  fuggeftion)  be  confined 
in  barrels,  and  bottled  off  as  eafily  as  wine  :  and  I  muft  ob- 
ferve,  that  this  patient  had  a  barrel  of  vital  air,  containing 
34  gallons,  which  coft  him  one  guinea.  Conveyed  for  him  to 
his  mafter's  feat  in  the  country,  and  a  tin  pneumatic  appa- 
ratus for  inhaling  the  medicinal  air,  which  ftood  him  at  the 
low  rate  of  thirty  {liillings;  which  improvements,  I  truft, 
■will  greatly  facilitate  the  general  application  of  pneumatic 
jniedicinc,  when  it  will  be  furc  to  find  that  level  its  merits' 
entitle  it. to. 

INTELw 
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AND 

MISCELLANEOUS   AP.TICLES. 

ELECTOUAL   ACADEMY    OF    SCIENCES   AT   ilANHEIM. 


'N  the  1 6th  of  April  h(i  the  Elcftoral  Academy  of  Sci- 
ences at  Manheim  licld  a  public  fitting  in  conimemoratioia 
of  its  deceafed  foundci*  the  Elector  Charles  Theodore^  who 
died  on  the  17th  of  February.  On  this  occafi'on  Mr.  INJ .  Col- 
lini,  a  member  of  the  Society,  read  a  printed  oration  on  the 
vicillhudes  of  the  Academy.  The  moic  flourifliing  period  of 
this  inftitation  was  that  between  the  time  of  its  eftabliflir 
ment  and  the  year  1777,  when  the  Palatinate  family  got  pof- 
feffion  of  Bavaria,  and  Charles  Theodore  transferred  his  re- 
fidcnce  from  Manheim  to  Munich.  It  was  not,  however, 
Jeft  deftitute  of  fupport;  but  its  diltance  from  the  eleftoral 
court  rendered  many  things  impoffible,  which,  under  other 
circumllances,  might  have  been  accompliflied.  Still  more 
prejudicial  to  the  Academy,  as  well  as  the  whole  Palatinate, 
was  the  war  which  broke  out  afterwards,  between  France 
on  the  one  fide,  and  the  German  Empire  and  Auftria  on  the 
other.  Manheim  was  bombarded  three  times,  I'iz.  in  De- 
cember 1794,  November  1795,  and  January  1798;  and  as 
often  was  it  neceffary  to  remove  the  library  of  the  Academy, 
as  well  as  its  papers,  he.  to  a  place  of  lafety,  and  to  arranoe 
them.  The  fittings  and  labours  of  the  members  were  inter- 
rupted ;  the  palace,  afTigned  to  them  for  holding  their  meet- 
ings, was  in  part  burnt ;  and  as  the  revenues  deftined  for  the 
fupport  of  the  inftitution  arife  from  poffeflions  on  the  left 
bank  of  the  Rhine,  if  thcfe  remain  in  the  hands  of  the 
French,  it  is  to  be  apprehended,  that,  like  many  other  efta- 
bUfhments  of  the  fame  kind  on  the  right  bank  of  that  river, 
which  ha^  their  revenues  on  the  other  fide,  it  will  decline 
unleis  fupported  by  the  new  regent.  Among  its  mod  diilin- 
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guiflied  members,  fince  the  time  of  its  foundation,  may  bo 
reckoned  Voltaire,  elected  in  17(54;  Lefling,  and  Lalande  the 
(Celebrated  French  aftronomer.  It  was  cftdbliflied  in  1763 
according  to  a  plan  of  the  learned  Schopflin,  and  divided 
into  .two  daffes,  the  HiUorical  and  Phyfical ;  the  latter  of 
which,  in  the  year  1780,  was  fubdividcd  into  the  Phyfical 
(properly  fo  called)  and  Meteorological.  The  colleftion  of 
the  papers  of  the  Academy  have  been  publiflied  in  eleven 
•VT/lmnes  quarto,  under  the  title  of  yicia  Acadcmit^  Theodov'i- 
Palatina:.  The  Meteorological  Obfervations  are  from  1781 
to  1792,  and  make  twelve  volumes  quarto,  with  the  title  of 
Jj^pkcTiuriclss  Socktatls  Metcorolo^icce  Palatini. 

SUGAI^   FROM   BKKT-r.GOTS. 

Profefibr  Klaproth  has  publiflicd  the  following  tpftlmony 
in  rep-avd  to  fn<2:ar  procured  from  beet- roots : 

"  Having,  in  confequence  of  a  requeft  by  Islw  Achard, 
ihat  I  would  exaniine  his  prqcefs  for  making  fugar  from 
beet-roots,  and  communicate  to  hirh  the  rcfult,  convinced 
myfelf,  by  repeated  experiments,  of  the  abundance  of  facf 
iihanne  matter  in  thefe  roots,  that  I  might  afcgrtain  thp 
proportion  with  more  accuracy,  I  made  the  following  expc-r 
riment : — ^Twenty- live  fredi  roots,  which  weighed  33 ^  poundj 
after  they  had  been  fcraped  and  the  tops  cut  oH",  were  put 
into  a  perforated  tin  vcflel,  and  the  juice  was  expreficd  by  a 
proper  apparatus.  The  juice  obtained  weighed  19}  pounds.. 
The  fqucezed  reliduum  was  put  into  a  tin  kettle  with  boiling 
water,  and,  after  ftanding  an  hour,  was  prelfed  aho.  Thi^ 
extract  was  add  td  to  the  juice;  both  were  boiled  to  a  fyrup, 
pnd  Itrained  through  a  woollen  cloth ;  atter  which  the  fyrup 
was  put  into  a  porcelain  capfule,  and  evaporated  gradually 
over  a  flow  fire  to  complete  dryncfs.  The  raw  iugar  ob,- 
tained,  and  which  I  put  into  a  fealed  glafs,  amounted  to  two 
povmds  twelve  ounces. 

"  That  25  roots,  or  3a!-  pounds  of  beets,  produced  two 
pounds  twelve  ounces  of  fugar,  is  hereby  certified,  as  wiinefs 
j«y  handj  Maktin  IIent.y  Klai'iiotii.'-' 

♦*  Berlin,  nth  Jaauary  i7Q9'" 

A  Ittter 


tnSgo  Re/tn. — Chmjcrjlon  of  Iron  into  Siccl.  97 

A  letter  from  Berlin,  dated  September  28,  flates,  that  the 
commifTion  appointed  by  his  Prufllan  majeRy,  to  examine 
Achard  and  Klaproth's  proccfs  for  making  fugar  from  beet- 
roots, have  finiihed  their  report  on  that  fubje6t:  The  rcfidt 
is,  that  1500  pounds  of  beet-root  gave  398  pounds  of  very 
agreeable  fyrup,  which  produced  57  pounds  of  powder-fugar 
of  a  white  colour,  and  proper  for  ufe  without  being  any  far- 
ther refined. 

INDIGO    RESIN. 

Profeflbr  Brugnatelli,  of  Pavia,  has  lately  announced,  that, 
by  treating  indigo  with  the  nitrous  acid,  one  may  obtain  a 
large  quantity  of  a  peculiar  refin,  which  he  calls  Rejina  m- 
iVtgofcra.  An  ounce  of  indigo  dillilled  with  four  ounces  of 
the  nitrous  acid,  left  a  thick  mafs,  in  which  he  found  a  con- 
crete fubllance  of  a  red  colour,  whichj  when  feparated,  Isad 
all  the  properties  of  refin  :.  it  weighed  half  an  ounce.  This 
refin  difllblved  very  eafily  in  alcohol,  which  acquired  from  it 
a  dark  red  colour.  Vv^ater  decompofed  this  folution  imme- 
diately, and  produced  a  yellow  precipitate.  This  tinclure 
communicated  its  colour  to  paper  and  linen,  and  gave  it  a 
beautiful  and  durable  yellow  dye.  It  communicated  the  fame 
colour  to  the  (kin  and  the  nails  :  the  former  retained  its  co- 
lour for  a  long  time.  This  refin  has  a  very  bitter,  aftrinofent, 
and  difagrceable  tafte;  but  no  fenfible  fmell.  Qxi  glov/ing 
coals  it  melts  and  burns  with  a  fiame,  and  at  the  fam.e  time 
emits  a  fnarp  difagreeable  fmell. 

CONVERSION    OF    IRON    INTO    STEEL. 

Our  valued  correfpondcnt  Mr.  Mufliet,  of  the  Clvde  Iroft- 
Works,  has  examined  and  repeated  C.  Clouet's  proccfs  with 
confiderable  fuccefs.  The  experience  of  Mr.  Mufliet  in  fimi- 
lar  procd'es  rendered  him  well  qualified  for  the  invclHoation, 
and  the  refult  has  been  what  we  fliuuld  have  promifed  from 
our  knowledge  of  his  abilities  and  accuracy.  Mr.  Muflict, 
inftead  of  experiencing  any  lofs  in  the  weight  of  iron  em- 
ployed, has  uniformly  obtained  the  fame  increafe  eained  in 
the  large  way  of  manufachire  by  the  common  proceCs  of  ce- 
mentation with  charcoal,  'vi'z.  from  J^j  to  -^- th.  However,. 
in  varying  the  experiments  of  the  French  chemifts,  he  has 
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met  with  phenomena  that  force  him  to  draw  ver\'  difierentcon- 
clufions  from  them^  and  to  reject  the  idea  of  the  carbon  being 
furniflied  by  the  decompofition  of  the  carbonic  acid ;  for,  in 
fome  experiments,  he  employed  for  the  cementation  calca- 
reous earth,  previou(ly  deprived  of  its  aciJ,  and  excluded  the 
contact  of  external  air,  and  the  refult  was  caft  fteel.  Thefe 
experiments  were  performed  in  crucibles  made  of  Sturbridge 
clay,  without  any  mixture.  Superior  eflefts,  however,  were 
produced  in  half  the  time,  by  prefenting  carbon,  in  a  com- 
paratively deoxydated  ftate,  in  cmcibles  varioufly  compound- 
ecf.  Some  curious  queftions  naturally  arifc  from  the  refult 
of  thefe  experiments ;  efpecially  from  the  firft,  as,  Whence 
comes  the  carbon  ?  But  as  Mr.  Mufhet  has  promifed,  in 
fome  future  Number,  to  lay  his  experiments  on  this  inte- 
refting  fubjecl  before  the  public,  our  philofophical  readers 
will  then  be  better  enabled  to  enter  upon  the  invefilgation, 

IMPROVED    WRITING    INK.- 

C.  Van  iSIons  has  applied  the  difcovcries  of  Proufl  to  the' 
preparation  of  common  writing  ink.  He  has  found  that  the 
Inlphat  of  iron.  Calcined  to  whitenefs,  always  gives  a  moft 
beautiful  Mack  precipitate.  By  the  following  mixture  he  ob- 
tained excellent  ink  : — Gatls,  4  ozs. ;  fidphat  of  iron,  calcinecf 
to  v^'hiten^efs,  2^  ozs. ;  and  two  pints  of  \tater.  The  whole 
muft  be  left  to  infufe  cold  for  :I4  hx)urs ;  then  add  gum 
Arabic  10  drachmi,,  and  prefcrve  it  in'  a  ftone  jar,  either 
open,  or  covered  merely  with  paper. 

MANGANESE    IN    VEGETABLES. 

M.  Pronft  has  lately  pubhflied  the  following  fliort  way  of 
proving  the  prefence  of  manganefe  in  fuch  vegetable  produc- 
tions as  contain  any  j  which  has  this  to  recommend  it,  that 
if  is  fliortor  and  more  effe6lua'l  than  that  of  Schctele.  Put  in 
the  proccfs  diftilled  vinegar  (employing  hea^)  on  well-wafhcd 
afhes,  without  attempting,  ho\\ever,  to  extra(5t  from  them  all 
that  they  are  capable  of  yieklingto  theacid.  The  liquor  then 
contains  oxyd  of  manganefe,  lime,  and  macnefia.  Try  it  by  the 
pruifiat  of  pot-afli,  and  it  gives  a  precipitate  of  the  colour  of 
peach  bloffomsj  which,  treated  by  the  blow-pipe  in  the  ufual 
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.  lanner,  gives  conftantly  the  colour  which  denotes  the  prc- 
fence  of  that  oxyd.  This  precipitate  is  not  without  a  httle 
iron,  which  it  receives,  as  I  heheve,  from  the  prufliat  of  pot- 
afli.  Then  put  nitric  acid  over  the  rcljduuni  of  the  aflies, 
and  it  will  take  from  them  the  iron,  which  may  be  proved 
alfo  hy  the  prulliat.  Then  fearch  for  the  diftercnt  eartlis, 
which  mav  be  difcovercd  by  the  common  means.  Thg 
aflies  of  the  pine,  calendula,  vine,  green  oak,  and  lig-trce, 
contain  manganefe.  The  afhes  of  the  fig-tree  are  almolt  all 
filiceous;  the  afljes  of  barilla  do  not  contain  an  aiom  of  it, 
bat  iron  in  great  quantity,  magnefia.  Sec. 

PREPARATION    OF    STUFFS    FOR    DYEING. 

A  letter  from  Van  Mons  to  Brugnatelii,  printed  in  the 
CjZd  number  of  t!ie  Annales  dc  Chimie,  contains  a  ufcful 
hint  on  this  fabjec9c.     lie  cxpreires  himfelf  as  follows : 

'•'  The  memoir,  read  by  Giobert  tq  the  Academy  of  Turin 
on  the  animalifation  of  flax  and  cotton,  induces  mc  to  men- 
tion a  circumttance  which  ought  to  have  led  me  to  the  dif^ 
covery  of  this  animalifation  long  ago,  had  I  paid  proper  at- 
tention to  it  at  the  time.  I  had  caufed  f:)me  oyiler-ihcUs  to 
he  boiled  with  pot-afli  and  lime,  in  order  to  whiten  them  for 
fome  pharmaceutical  purpofes ;  and  I  employed  the  ley  pro- 
duced by  that  operation,  to  bleach  the  Hnen  cloths  ufed  to 
itraiu  the  decoctions.  My  pupils  made  me  afterwards  ob:- 
lerve,  that  thefe  pieces  of  cloth  were  itrongly  dyed  when  any 
fiibftances  were  paffed  through  them,  the  colour  in  which 
might  have  been  carried  off  by  merely  wadiing  in  cold  water." 

YELLOW   DYE   FROM    A    SPECIES   OF    MUSHROOM, 

Among  the  different  kinds  of  mufhrooms,  capable  of  pro- 
ducing lively  and  durable  dves,  none  is  more  worthy  of  no- 
tice than  the  B'Jctus  hirfutus  of  Bulliard,  from  which  C. 
Lafteyrie  has  extracted  a  bright,  fliining,  and  very  durable 
yellow  dye.  This  pretty  large  mu(hroom  grows  commonly 
on  walnut  and  apple-trees.  Its  colouring-matter  is  con- 
tained in  abundance,  not  only  in  the  tubular  part,  but  alfo 
in  the  p«renchvma  of  the  body  of  the  mullirooni,     In  order 
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to  extract  it  the  mufhroom  is  pounded  in  a  mortar,  and  the 
liquor  thence  obtained  is  boiled  for  a  quarter  of  an  hour  in 
water.  An  ounce  of  hquor  is  fufficient  to  communicate  co- 
louring-matter to  fix  pounds  of  water.  When  the  liquor  has 
been  flrained,  the  (luff  to  be  dyed  is  put  into  it,  and  boiled 
for  a  quarter  of  an  hour.  All  kinds  of  ftuff  receive  this  co- 
lour and  retain  it,  but  on  linen  and  cotton  it  is  lefs  bright. 
This  colour  may  be  modified,  in  a  very  agreeable  manner,  by 
the  effect  of  mordants. 

The  procefs  fucceedcd  beft  on  filk.  When  this  fubftance, 
after  being  dved,  is  made  to  pafs  through  a  bath  of  foft  foap, 
it  acquires  a  fhining  golden-ydlow  colour,  which  has  a  per- 
fect refemblance  to  the  yellow  of  that  filk  employed  to  imi- 
tate embroidery  in  gold,  and  which  has  hitherto  been  brought 
from  China  and  fold  at  a  dear  rate,  as  the  method  of  dyeing 
it  is  unknown  in  Europe.  The  yellow  colour  extra6ted  from 
this  mufliroom  may  be  employed  alfo  with  advantage  for 
painting  in  water-colours  as  well  as  in  oil. 

KATUKAL    HISTORV. 

The  two  following  articles  on  the  P'riendfhip  and  the  Sa- 
gacity of  Birds,  by  Mr.  Siinpfon  of  New-York,  we  copy 
from  the  Medical  Rcpofitory,  a  valuable  work  publiiLcd  iu 
America  : — 

^'  Mr.  Mvers,  a  brother-in-law  of  mine,  moving  from 
Wilton  to  Philadelphia,  defircd  me  to  fend  for  a  large  tur- 
key-cock and  hen,  and  a  pair  of  bantams,  which  had  been 
a  lone;  time  in  his  yard,  and  which  the  family  did  not  choofe 
to  have  killed.  Accordingly,  after  his  departure,  I  had  them 
broucrht  home,  and  put  with  fome  other  poultry  that  were 
then  running  in  my  yard.  Some  time  after,  as  I  was  feed- 
ing the  poultry  from  the  barn-door,  a  large  hawk  turned  the 
barn,  and  fuddenly  made  a  pitch  at  the  bantam  hen  :  (he 
immediately  gave  the  alarm,  by  a  noife  which  they  generally 
make  on  fuch  occafions;  when  the  large  turkey-cock,  wha 
was  about  two  yards  diftance,  and  who  I  prefumed  faw  the 
hawk's  intentions,  and  the  imminent  danger  of  his  old  ac- 
quaintance, flew  at  the  hawk  with  fuch  violence,  and  gave 
him  fuch  a  fevere  llroke  with  his  fpurs  as  he  was  going  to 
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ffize  Ills  prcv,  as  to  knock  him  from  the  hen  to  a  conficier- 
iihle  dillancej  and  the  timely  aid  of  this  taithful  auxiliary, 
the  turkey-cock,  faved  the  bantam  from  being  devoured  by 
the  hawk/' 

During  my  rcfidencc  at  Wilton,  early  one  morning  I  heard 
a  noife  from  a  couple  of  martins,  who  were  jumping  from 
tree  to  tree  adjoining  my  dwelling.  They  made  feveral  at- 
tempts to  get  '\n  a  box  or  cage  fixed  againft  the  houlc,  which 
they  had  before  occupied;  but  they  always  appeared  to  fly 
from  it  with  the  grcatell  dread,  and  repeated  thofe  loud  cries 
which  firfl  drew  my  attention.  Curiofity  led  me  to  watch 
their  motions.  After  fonie  time  a  fmall  wren  came  from  the 
box  or  cage,  and  perched  on  a  tree  near  it,  when  her  llirill 
jiotes  feemcd  to  amaze  her  antagonills.  After  fome  time  die 
<lew  away.  The  martins  took  this  opportunity  of  returning 
to  their  cage:  but  their  ftay  was  lliort.  Their  diminutive, 
advcrfary  returned,  and  made  them  fly  with  the  grcatcft  pre- 
cipitation. They  continued  manoeuvring  in  this  way  the 
whole  day,  and  I  believe  the  wren  kept  pofleffion  during  the 
night.  The  following  morning,  on  the  wren's  quitting  the 
cage,  the  martins  inmiediately  returned,  took  poffetlion  of 
their  manflon,  broke  up  their  own  nefl,  which  confifted  of 
twigs  of  diiTerent  fizes;  went  to  work,  and  with  more  indu- 
ftry  and  ingenuity  than  I  fuppofed  they  pofl'efl'cd,  they  fooii 
barricaded  their  doors.  The  wren  returned,  but  could  not 
re-enter.  She  made  attempts  to  fiorm  the  works,  but  did 
jiot  fucceed. — I  will  not  prefume  to  f^iy  that  the  martins  fol- 
lowed our  modern  maxim,  and  carried  with  them  a  fufl!i- 
cicncy  of  food  to  fufiain  a  fiege,  or  that  they  made  ufe  of  the. 
abftinence  which  neceflity  fometimes,  during  a  long  and  bad 
ftorm,  might  probably  occafion  ;  but  they  perfevcred  for 
near  two  days,  to  defend  the  entrance  within  the  barricado; 
gnd  the  wren,  finding  (lie  could  not  force  an  entry,  raifed  the 
iiege,  quitted  her  intentions,  and  left  the  martins  iu  quiet 
jiolleffion  without  further  moleftation. 

DEATHS. 

On  Friday,  the  nth  of  October,  Samuel  INIorc,  Efq.  whoi 
for  many  years  palt  filled  the  office  of  Secretary  to  the  Society 
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for  the  Encouragement  of  Arts,  Manufaftures,  and  Com- 
merce. The  a!"iicluity  and  ability  with  which  he  difcharjrcd 
ihc  duties  of  the  offic.'  he  h'Jd,  for  that  refpeclable  [nftitution, 
vill  make  it  difficult  to  find  another  to  fill  it  who  may  be  as 
well  quahlicd. 

A  few  weeks  ago,  at  New-York,  Dr.  Perkins,  inventor  of 
flic  metallic  traftors.  lie  had  gone  thither,  froin  liis  ukial 
place  of  refidcnce  in  Connec'-ficut,  to  alTllt  his  brother  prac- 
titioners in  endeavouring  to  arreft  the  pro<rrefs  of  the  yelloA' 
ferer,  with  which  that  citv  has  been  ao;ain  vifited,  and  causrht 
the  infection,  which  carried  him  off. 

In  the  Philofophicai  Magazine  for  April  laft  we  announced 
the  death  of  that  celebrated  aaturalill:  Spallanzani  on  the  nth 
of  February.  Tt  appears,  however,  that  he  died  on  the  17th  ; 
and,  as  ever)'  thing  that  relates  to  the  lafl  moments  of  emi- 
nent men  is  intereftino;,  we  hope  our  readers  will  not  be  dif- 
plc3f?d  with  us  for  adding  the  following  particulars  :-^0n  the 
evening  of  the  icth  he  was  feizcd  with  an  apoplectic  fit,  the 
confeqnencc  of  a  neglected  ftrangniT.  Profeflbrs  jjrera  and 
Scarpa,  Vvdvo  were  called  in  to  vifit  him,  immediatelv  faw  that 
all  medical  aid  would  be  ufclefsj  for,  on  infpetting  his  urine, 
it  was  found  that  the  bladder  was  in  a  ftatc  of  iranirrenc. 
'lliey  however  ordered  him  fuch  medicines  and  treatment  as 
they  thought  could  be  of  anv  fervice.  On  the  12th  the  af- 
fection in  the  left  arm  and  the  lips  difappeared.  On  the  13th 
he  recovered  the  full  ufe  of  his  fcnfes  ;  found  himfelf  much 
better;  a)?d,  without  apprehending  death,  attended  to  his 
literary  and  domellic  concerns.  Early  on  the  morning  of 
ti;c  17th  he  was  attacked  bv  a  general  debility,  accompanied 
^:th  a  diarrhoea  entirely  colliquative.  The  two  profeflors 
then  told  him,  that  this  day  would  be  the  laft  of  his  lii'c;  an 
information  which  Spallanzmi  received  with  the  greatelt 
iinnnefs  of  mind.  Towards  noon  he  embrxiced  his  friends, 
tlie  two  profeiTors,  and  particularly  his  brother,  who  had 
come  e:<prefs  to  Pavia  from  Scandiano,  in  the  duchv  of  Mo-, 
dcna;  took  the  moft  affeelionate  leave  of  them,  and  exactly 
lit  11  o  clock  breathed  his  laft  in  their  arms.  The  opinion 
of  the  phyficians  rcfpecling  his  difcafe  was  confirmLd  bv  the 
opening  of  his  body.     A  hiftorv  of  it  has  beon  publiflicd  by 
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t'rofcfioa  Crcra,  who  was  two  years  phyfician  to  this  eminent 
liatunilid.  'IVo  monunionts  are  to  be  crefted  at  llic  pviblic 
<  xiKMice  to  his  memory;  one  In  the  Pantheon  of  Milan,  auJ 
another  wilhin  the  precincts  of  the  Univerfity  of  Pavia. 

In  the  fame  Number  of  the  Philofophical  iSdaga^^lnc  we  an- 
nounced aHb  the  death  of  Profeffof  Lichtenherg,  of  Gottihgen, 
on  tlie  24th  of  Fcbruar\'.  Since  that  period  a  fniall  work 
has  appeared  at  (iottingen  under  the  title  of,  Eloghwi  Geoj-gii 
Chrijhphori  tjichlenberg,  In  conccjfu  Soc.  Reg.  Sc'ienliarum  re^ 
clta-vit  A.  G.  Kcs/hirr,  2C»  J.  A/^.  1 799;  from  which  we 
extra6l  the  following  particulars  : — Profeflbr  Lichtenberg  wasf 
born  on  the  lit  of  July  1744,  at  Obcramttadt,  in  Heffe  Darm- 
ftadt.  He  was  of  a  weakly  conflitution  from  his  birth,  and 
applied  himTel*  very  early  to  the  mathematics  ar»d  natural 
hiliory,  in  which  he  was  greatly  affided  by  his  two  brothers, 
\vho  were  cider.  In  the  year  17-53  he  went  to  Gottingen^ 
where  he  became  the  pupil  and  friend  of  ICafincr  and  I^Ieilter, 
arid  attended  fhe  Le£lures  of  the  other  profelfors.  In  con- 
jim6lion  with  Erxleben  he  made  fome  obfervations  on  the 
earthquake  of  1767;  and  remarked,  in  particular,  that  the 
liiock  continued  fix  fcconds;  while  others,  not  accuftomed  to 
math.cmatical  accuracy,  extended  its  duration  to  a  whole  mi- 
nute. He  delineated  llie  courfes  of  the  comets  which  hacf 
been  obferved  ;  and  it  is  remarked,  that  he  pofleiTed  a  great 
deal  of  patience  for  works  of  this  kind.  Profeflbr  Kaitner 
has  now  in  his  poffefiion  a  drawing  by  him,  of  the  face  of  the 
moon,  wlicre  the  fpots  are  marked  in  the  order  in  which  they 
enter  the  earth's  lliadow  during  eclipfes.  In  the  year  1770 
he  was  invited  to  GiefTen;  but  he  preferred  Gottingcn,  where 
he  was  appointed  Profelfor  Extraordinary.  In  the  years  177^ 
;rnd  1773  he  was  commiflioned  to  determine,  ft-om  aflrono- 
micjl  obfervations,  the  poiition  of  various  places  in  his  Bri- 
t.-mnic  Majeltv's  German  States ;  and  for  this  purpofe  was 
Inpplied,  at  tlie  king's  cxpence,  with  a  quadrant  by  SiiTon, 
Ii»  J776  ho  laid  the  refult  of  this  labour  before  the  Royal 
Society,  of  which  lie  had  been  eleclcd  a  member  two  years 
v'.rdre.  As  repeated  wiflie.-;  had  been  cxprcfled  that  Maver's 
.nanufcripts  might  be  pubU(he4,  Profeflbr  Kafbicr  put  them 
Uito  the   Ijands  of  Lichtenberg,  wlio,  aiiilled  by  Bieirich, 
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publidied  the  firfl  volume.  In  1775,  with  a  typographic  ele- 
gance which  had  been  before  unknown  In  Germany.  Want 
of  leifure  prevented  him  from  editing  a  fecond.  Lichten- 
berg  was  twice  in  England ;  the  firfl;  time  in  1770,  and  again 
in  1774.  In  the  year  1777,  after  Erxleben's  death,  he  ftudi- 
ed  natural  philofophy,  in  the  inlrodu6lIon  to  that  fciencc 
written  by  his  predeceflbr;  the  four  laft  editions  of  which 
were  publiftied  under  his  Infpeftion,  biit  always  with  addi- 
tions by  himfelf.  On  this  occafion  he  made  a  colleftlon  of 
phllofophical  Inftruments,  which  afterwards  became  the  pro- 
perty of  the  Univcrfity.  Among  the  new  experiments,  which 
were  peculiarlvLichtenberg's  own,isthatrefpc6ling  the  figures 
formed  by  pounded  refin  on  the  ele6lrophore,  by  which  he 
examined  and  traced  out  the  nature  and  progrefs  of  the  elec- 
tric fluid  in  a  new  manner,  and  communicated  the  refult  of 
his  refcarches  in  two  papers,  read  before  the  Royal  Societv 
in  1777  and  1778.  Profeflbr  Lichtenberg  had  a  very  exteu- 
five  corr«efpondence,  which  enabled  him  to  communicate  to 
the  Society  a  variety  of  ufeful  Intelligence.  He  propofed,  al- 
ternately with  Kaftner,  the  prize  queftions  of  the  mathema- 
tical clafs,  and  was  the  author  of  the  laft  for  the  prefent  year 
refpecling  the  motion  of  fteam  in  conductors  of  a  given  kind. 
In  the  year  1780  he  began,  in  conjunction  with  the  late 
J.  R.  Forfter,  the  Gottingen  Magazine,  fix  numbers  of  which 
appeared  annual! v,  till  1785,  when  it  was  dropped  with  the 
firfl  number  of  that  year.  In  the  Gottingen  Pocket  Calen- 
dar, of  which  he  was  the  editor  for  many  years,  he  publlfiied 
various  articles  equally  ufeful  and  agreeable.  Among  thefe 
was  an  account  of  Ilogc'trth's  fatyrical  prints,  accompanied 
with  engravings.  The  large  account  of  thefe  prints,  with  a 
commentary,  is  well  known.  As  Profeflbr  Llchtenber^'s 
complaints  returned  regularly  every  year,  the  lalt  attack  was 
at  firft  not  confidered  dangerous  ;  but  an  inflammation  of  tha 
lungs  taking  place,  he  was  carried  ofl"  gn  the  24th  of  Febru- 
arv,  as  before  ftated. 
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I.   Ovjli-vatlons  en  the  Flux  and  Refiiix  XjJ  the  Atmofphcrct 
By  the  AhVi  Manx*. 

-r\  S  the  general  power  of  attraflion  or  gravity  extends  to 
all  bodies  within  the  fphere  of  its  aftion ;  and  as  the  atmo- 
fphere  of  our  earth  confilts  not  only  of  heavy,  but  alfo  of 
moveable  and  elaftic  parts,  which  revolve  around  a  common 
axis  like  the  water  of  the  ocean,  it  neeeflarily  follows  that 
the  atmofphcre  muft  be  alfccled  by  the  fame  phylical  caufcs 
which  produce  the  flux  and  reflux  of  the  fea.  This  confe- 
fjucncc  is  fo  immediate  and  neceflary  that  it  is  not  poffibic 
to  doubt  it :  the  queltion  therefore  v.ill  not  be  the  cxiftence 
of  a  flux  and  reflux,  but  merely  refpeding  their  extent. 
IVIany  philofiipiiers  have  aflcrted,  on  grounds  which  do  not 
appear  to  have  much  validity,  that  the  flux  and  reflux  of  the 
atmofphcre  amount  to  no  more  than  thofe  of  the  ocean,  that 
ts,  eight  feet.  According  to  their  opinion,  a  fea  of  water, 
air,  or  quiekfilvcr,  would  be  raifed  to  about  the  fame  height 
by  the  cflc^ls  of  the  fun  and  moon,  and  acquire  from  them 
nearly  the  fame  movement.  Thofe  who  fpeak  in  this  man- 
mer,  mull  entirely  overlook  the  nature  of  elaflic  fluids;  for 
it  may  ealily  be  conceived  that,  with  the  fame  power  of  at- 

*   F.  om  t'lr  TranJaSliom  of  the  Acadnny  of  Sciences  at  Brujfils,  Vol .  IV. 
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tra6lion,  tlie  movement  of  an  claltic  fluid  would  be  totally 
diffcrent  from  that  of  a  noii-claltic.  Other  philofophers, 
not  ncgle6ling  this  confideration,  have  believed  that  the 
caufes  whieh  produce  the  movement  of  tlie  waters  of  the 
ocean  can  occafion  a  much  greater  in  the  aerial  mafs  of  the 
atmofphere,  and  muft  have  a  very  great  (liare  in  producing 
the  regular  winds,  and  other  phenomena  which  depend  on 
them. 

D'Alembert  has  calculated,  from  the  theory  of  general 
gra'itation,  thofe  movements  whieh  muft  be  produced  in 
the  atinofphcre  bv  the  elfefts  of  the  fun  and  moon.  H6 
found  that  from  this  influence  a  continual  caft-wind  mull 
arife  at  the  equator,  and  that,  in  the  temperate  zones,  not 
far  from  the  tropics,  it  muft  be  converted  into  a  weft-wind ; 
that  on  account,  however,  of  many  local  circumftances,  and 
other  impediments  which  come  in  the  way,  it  cannot  al- 
ways continue  in  the  fame  direction  ;  and  that  the  variations 
in  the  ftate  of  the  l^arometer,  which  thence  arife,  muft  be 
very  inconfiderable,  and  almoft  imperceptible. 

Bacon,  Gaflendi,  Defchalcs,  Goad,  Dampier,  Halley,  and 
others  who  have  written  on  the  wind,  all  unanimoufly  ob- 
ferve,  that  the  periods  of  the  year  moft  expofed  to  it  are  the 
two  equinoxes  :  that  ftorms  are  moll  frequent  at  the  times 
of  new  and  full  moon,  and  particularly  thofe  which  happen 
near  the  equinoxes :  that  at  periods,  otherwife  calm,  a  fniall 
breeze  always  takes  place  at  high  water ;  and  that  a  fmall 
movement  in  the  atmofphere  is  each  time  perceived  a  little 
after  noon  and  midnight.  Now,  as  molt  of  thefc  circuu)- 
ftances  have  a  great  refemblance  to  thofe  which  accompany 
the  flux  and  reflux  of  the  fca,  and  take  place  at  the  fame 
time ;  and  as  in  this  refpecl  the  niovement  of  water  and  the 
atmofphere  is  the  fame,  according  to  Newton's  rule,  that 
natural  etfecls  of  the  like  kind  muit  be  produced  by  the  fame 
caufes  *,  both  may  be  deduced  from  the  fame  fource. 

From  this  it  appears  that  theory  and  experience  coincide 
to  eftablilli  the  exiftence  of  an  atmofphcric  flux  and  reflux, 
and  of  the  regular  and  very  perceptible  cfle6l;s  whieh  they 
produce.     Nothing  therefore  is  neceflTary  but  to  deduce  their 

*  Elfciluum  naturalium  ejufdcm  £«n:ris  csedcm  atlignandiE  funr  caulTs;. 
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phenomena  and  extent  from  the  well-known  properties  of 
claitic  fluids.  For* this  piirpofe  we  nui(l  have  before  our  eyes 
the  following  principles  of  aerometry,  to  be  found  in  mofi: 
elementary  books : — 

1.  The  elallicitv  of  fluids  is  in  the  inverfe  ratio  of  their 
denfity,  and  in  the  direct  ratio  of  their  rarity.  Thus  air  is 
more  elaftic  than  water;  light  more  elaftic  than  air;  and 
ether  than  light.  This  is  one  of  the  principles  of  New- 
ton *. 

2.  The  force  or  elafticity  of  the  air  expands  and  contra£ls 
itfelf  in  the  direft  ratio  of  the  weight  with  which  it  is  loaded, 
and  diflufes  itfelf  in  the  inverfe  ratio  of  the  force  by  which  it 
is  comprelfed  f. 

3.  The  air  is  rarefied,  or  dififufes  itfelf,  in  the  direct  ratio  of 
the  quantity  of  heat  which  atls  upon  it  J. 

4.  The  air,  as  well  as  all  fluids  in  general,  has  a  tendency 
ro  put  itfelf  in  equilibrium,  and  does  not  reft  until  it  has 
obtained  it  §. 

It  now  follows,  from  thefe  principles,  that  every  thing 
which  increafes  the  weight  of  the  atmofphere,  and  prelfes 
the  air  more  in  one  place  than  another  near  it,  niuft  occa- 
fion  the  air  to  rurti  from  the  former  to  the  latter,  where  it  is 
lighter :  and,  on  the  other  hand,  every  thing  that  leflens  the 
gravity  of  the  atmofphere,  and  increares  or  rarefies  ti;c  air, 
and  makes  it  lighter  than  in  the  neighbouring  parts,  muft 
occadon  the  air  to  rufh  in  from  all  fides  to  thole  parts ;  and 
this  continues  in  each  cafe  till  the  equilibrium  is  reilored, 
and  refl:  again  efte£ted.  This  is  the  principal  cai;!!;  of  the 
origin  of  wind.  But,  as  a  pendulum  put  in  motion  does  not 
immediately  reft  when  it  has  come  to  a  perpendicular  direc- 
tion, but  obtains  reft;  after  making  fome  fmall  vibrations ;  in 
the  fame  manner,  the  currents  of  air,  from  the  places  where 
the  air  is  more  prelfed  to  that  where  it  is  lefs  fo,  will  rufli  be- 
yond the  boundaries  of  the  equilibrium,  from  wh;ch  they 
will  again  fly  back,  and  at  length  obtain  reft:  after  feveral 
undulations.     As  this  takes  place  in  all  fluids,  it  is  more 

•  Princip.  in  fine,  p.  C30,  edit.  1716,  et  quxll.  z\ .  li    in  fine  optices. 
t  Wolf  Elem.  Acrom.  {.  72—77.  %  Ibid,  §  14G.  §  ibid. 
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peculiarly  common  to  elallic  fluids ;  and  it  is  obferved,  ac- 
cording to  thcfe  principles,  that  the  winds  during  Itorm:^ 
change  their  courfc,  and  blow  exactly  from  thole  points  to 
\\  hich  the  current  was  before  direi^cd. 

The  fpecilic  gravity  of  the  air  i<  8co  times  lefs  than  that" 
of  water,  and  its  elafticity  ia  iniinitelv  greater.  The  attrac- 
tive power  of  the  fun  and  moon  lefl'ens  the  sravity  and  pref- 
fine  of  the  atmofphere  towards  the  earth,  as  it  draws  it  to- 
wards thefe  bodies  in  the  fajue  manner  as  it  does  the  water 
of  the  ocean.  But  this  power  of  attra^flion  docs  not  extend 
the  water  of  the  ocean,  which  is  dellitute  of  elaftjcitv,  as  it 
does  the  whole  mafs  of  the  atniofphere  (poflTefled  of  it,  and 
expofed  to  the  action  of  this  power)  in  the  ratio  of  the  de- 
creafe  of  gravitv,  and  of  the  prellure  of  the  stmofphere  to- 
wards the  earth.  Adopting,  therctbre,  th«  inadniiflible  fup- 
pofition,  that  \\atcr,  air,  and  quickfilver  would  be  raifed  to 
nearly  the  fame  height,  and  be  moved  hi  the  fame  manner 
bv  the  attraftive  force  of  the  fun  and  moon;  this  nuicli  at 
anv  rate  is  proved,  that  the  cxtcnfion  of  tht  air,  in  proportion 
to  the  lefleninc:  of  the  gravitv  of  the  atniofphere  towards  the 
earth,  muft  alwavs  take  place,  and  produce  a  coniiderablc 
atmofpheric  flux,  wLile  this  effect  cannot  occur  in  regard  to 
the  flux  of  tlie  ocean.  It  is  certain  that  tiuids  are  more  or 
Ids  lubjcv5f  to  the  efi'ccls  of  any  power  acting  upon  them, 
according  as  the.v  have  more  or  lels  mobilit\-,  which  is  m 
the  direcl  ratio  of  their  rarity  and  clafticitv.  Now,  as  air 
poiVeires  thefe  properties  in  a  degree  See  times  greater  tliaa 
water,  the  flux  of  the  atmofphere  mull  very  perceptibly  ex- 
ceed in  magnitude  that  of  water.  This,  therefore,  is  a  fe- 
cond  certain  argument  againft  thofe  who  pretend  that  the 
flux  and  rellux  of  the  atmolpherc  are  fimilar  to  thofe  of  the 
ocean.  Not  onlv  nnift  the  attractive  power  of  the  fun  and 
moon,  on  account  of  tlie  greater  eUiiticitv  and  mobilitv  ot 
tlie  air  compared  with  water,  produce  a  greater  efleA  on  tiie 
atmofphere  than  on  the  ocean,  but  the  component  parts  of 
llie  atmofphere,  as  they  are  nearer  the  moon  bv  about  a 
ninetieth  part  of  the  femidiameter  of  the  earth,  mu!t  be 
more  firongly  attracted  than  the  watery  particles  of  the. 
ocean  :  in  the  fame  manner  as  thofe  which  are  90  degrees. 
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dl'.fanl  from  the  place  where  the  moon  is  vertical,  mud  oc- 
<  afion  a  {Greater  predure  on  the  earth  on  aceoiint  of  the 
Cixeator  ohliquitv  of  the  attraction,  and  this  in  proportion  to 
ihe  irrcaler  height  of  the  atmofphere  above  that  of  the  lea. 
'ills  is  the  third  phyfical  caufe  which  makes  the  flux  and 
reflux  of  tlie  atmofphere  more  coufiderable  than  that  of  the 
ocean.  To  this  we  may  add  the  immenfe  fpace  occupied  by 
the  atmofphere  in  com})arifon  of  the  ocean  ;  for  if  the  whole 
globe  were  covered  with  water,  this  general  ocean  would  not 
occupy  the  fiftieth  part  of  the  fpace  aclually  filled  by  the  at- 
mofphere ;  and  in  my  opinion  the  cxtenilon  efiecled  in  elaitic 
fluids,  by  the  fame  power  of  attraction,  is  in  proportion  to 
their  maifcs.  Suppofmg  this  to  be  the  cafe,  tlic  flux  of  air 
in  an  atmofphere  of  ten  miles  height,  would  be  much  more 
confiderable  than  in  another  amounting  to  only  a  tenth  part 
of  that  height:  though  this  dlfterence  cannot  take  place  in 
the  flux  and  reflux  of  the  ocean,  becaufe  water  h  deftitutc  of 
elaflicitv.  Bcfides,  lauds,  iflands,  llraits,  bays,  the  fituation 
of  the  coafts,  fand-banks,  flioals,  &c.  throw  a  great  many 
impediments  in  the  way  of  the  water  in  regard  to  its  mo- 
tion ;  whereas  the  atmofphere,  which  rifcs  to  a  height  ten  or 
twelve  times  greater  than  the  fummits  of  the  higheft  moun- 
tains, is  in  no  manner  prevented  from  moving  according  to 
the  eflfecls  of  the  power  of  attraction,  unlefs  fomething  very 
particular  takes  place  in  its  lowefl:  llrata.  Tt  is  more  than 
probable  that  c;Kh  of  thefe  caufes  contributes  its  part  to  make 
the  movement  of  the  atmofphere  far  xwoxc  conuJerable  than 
that  of  tlie  ocean. 

It  is  therefore  certain  that  the  united  effcfts  of  the  attrac- 
tion of  the  fun  and  moon  on  the  atmoi'phere  of  the  cartli 
mud  raife  and  extend  it  in  the  inverll;^  ratio  of  the  fquare  of 
the  diltancc  ^o  as  to  make  it  afliime  the  form  of  a  lengthened 
fpheroid,  the  greater  diameter  of  which,  from  tlie  fame 
grounds  and  witii  tlie  f:ime  variations  as  the  aqueous  fphe- 
roid,  mult  nearly  follow  the  diredion  of  the  line  of  attrac- 
tion. 

J>elides,  the  heat  of  the  fun,  which  has  no  fcnfible  influ- 
ence in  raifing  or  extending  tlie  water  of  the  ocean,  will  pro- 
duce an  effed  on  that  part  of  the  atmofphere  expofed  to  iu 
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rays  by  heating  and  rarcTving  it,  iu  the  ratio  of  its  Rrcngth, 
according  to  the  third  of  the  before-mentioned  piinciplcs. 
That  part,  therefore,  of  the  atniofphere  which  is  gradually 
turned  towards  the  fan,  niuil  extend  in  proportion  to  the  de- 
gree of  heat  which  acts  upon  it,  and  rife  above  the  reft ;  and 
this  atmofpheric  fweiling  will  conftantly  follow  the  apparent 
daily  courfe  of  thu  fun.  The  moon,  on  the  other  hand,  has 
no  power  to  produce  or  change  this  phenomenon ;  becaufcj 
in  all  the  experiments  hitherto  made  to  collect  and  concen- 
trate its  ravs,  the  fmalleit  degree  of  heat  has  never  been  per- 
ceived. 

As  there  are  therefore  two  different  caufes,  viz.  the  united 
attradtion  of  the  fun  and  moon,  and  the  heat  of  the  fun 
alone ;  by  which  the  latter,  except  at  the  time  of  the  fyze- 
gics,  when  they  bolh  act  in  the  fame  direction  upon  one 
point,  has  a  particular  influence  on  the  atniofphere  of  the 
earth  independent  on  that  of  the  former,  it  thence  follows 
that  thev  will  produce  three  diflerent  fluxes  every  day.  Two 
of  them  arife  from  the  attractive  pouer  of  the  fun  and  moon, 
and  in  their  formation,  direction,  and  movement,  are  per- 
fe6tly  fmiilar  to  thofe  produced  iu  tiie  ocean  from  the  fame 
caufes.  The  third,  however,  is  produced  by  the  heat  of  the 
fun  alone;  and  its  prominent  parts  will  always  be  i\\  that 
parallel  through  which  the  fun  pafl'es  in  the  courfe  of  his 
dailv  movement,  and  will  continually  follow  tliat  luminary, 
from  parallel  to  parallel,  at  a  fuiail  diftancc.  The  two  iiift 
I  fhall  call  at Iradion- tides,  the  third  hcat-tides. 

The  tides  of  attraction,  like  thofe  of  tlic  ocean^  and  fiom 
the  like  grounds,  have  at  the  lame  time,  at  two  oppofUe  t•nd^i 
of  the  globe,  projecting  parts,  and  thcfc  lie  almoli.  in  J  hat 
line  which  might  be  drav.ii  from  the  centre  of  the  earth  to 
that  of  the  moon.  The  hcat-tidcs,  on  the  oiher  hand,  can 
lake  place  only  on  one  point  of  the  globe;  that  is,  in  the 
point  to  which  the  fun  is  vcitical.  Their  projecting  j)art 
will  be  directed  towards  that  luminary,  and  nearlv  loilows 
its  movement. 

In  regard  to  the  effefts  of  thefe  atmofpb.crlc  tides,  they 
depend  (ui  the  natural  liale  of  the  aerial  fluid,  and  on  its 
Kill,  which  confifts  iu  an  ci^uilibrium  of  all  its  parts.    When 
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this  cquiiibriuin  is  dtdroved,  the  atmofphcrc  returns  to  its 
former  ftate  as  i'oon  as  the  cauic  of  this  dt^rangcnient  is  re- 
moved. If  this  equilihrium  is  by  any  caufe  dcltroved  in  any 
one  place,  a  movement  mull  naturally  follow  from  all  (ides, 
and  continue  until  the  equilibrium  is  again  reftored  ;  and  in 
tiiis  \vc  may  difcover  the  principal  caufe  of  the  origin  of 
wind.  Every  thing,  therefore,  which  can  derange  the  equi- 
librium of  the  atmofphcre  in  anv  manner,  mufl  be  reckoned 
among  thofe  caufes  which  give  rife  to  wind  :  fuch  as  the  flux 
and  reflux  of  the  atmofphcre,  occafioned  by  attraction  and 
heat;  all  other  rarefaction  of  the  air  by  heat;  or  the  con- 
denfalion  of  it  by  cold,  &c.;  the  letting  loofe  of  vapours  bv 
fermentation  and  evaporation  into  the  atmofphcre  ;  the  erup- 
tion from  the  bofom  of  the  earth  and  afcent  of  elaftic  vapour? 
volcanoes,  earthquakes',  and  perhaps  other  caufes  not  fo  evi- 
dent, and  therefore  lefs  known.  The  exccedino-Iv  variable 
dicL'6tions  of  the,  wind  depend  en  the  nature  of  the  countries 
from  which  they  blow  ;  and,  in  particular,  on  mountains, 
foreds,  rivers,  marfhes,  lakes.  In  a  word,  every  thing  that 
can  oppofe  or  favour  the  free  movement  of  the  aerial  fluid 
lias  an  influence  on  the  dire6lion  of  the  wind. 

Amontj  all  thofe  caufes  which  derange  the  equilibrium  of 
the  atmofphcre,  and  contribute  to  the  production  of  wind, 
the  principal  and  moft  uniform  is  the  rarefac^lion  and  con- 
dcnfation  of  the  air.  Both  are  the  immediate  efleft  of  the 
dilferent  atmofpheric  tides.  The  regular  courfe  of  thefe  tides 
from  call  to  weft,  in  confequcncc  of  tliat  of  the  fun  and 
moon,  muft  produce  a  continual  eaft  wind  ;  which  is  how- 
ever exceedingly  weak,  but  continues  without  interruption, 
and  prevails  only  in  the  imnienfc  leas  of  the  Torrid  zone, 
thougli  with  moft  regularitv  in  the  Pacific  ocean,  on  account 
of  its  vaft  extent.  Tlie  comprclTed  part:^  of  the  atmofphcre 
in  the  neighbourhood  rufli  towards  thofe  nioff  rarefied  by  tlic 
atmofpheric  tides,  and  follow  them  alfo  in  their  regular  pro- 
i:rvfs  from  eaft  to  weft.  The  pans  of  the  atmofphcre,  how- 
ever, in  the  weit,  will  have  a  much  lefs,  or  perhap.s  no  move- 
Ifient  towards  thofe  which  proceed  from  the  caH.,  on  account 
f)f  the  atmofpheric  flux  moving  towards  them  :  at  anv  r.;te, 
the  motion  from  eaft  to  weft  will  exceed  that  fmall  motion 
9  from 
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from  weft  to  eaft,  and  therefore  produce  a  continual  eai'. 
wind  in  the  parallel  of  the  atmofphcric  tide.  A  wind  alt- 
will  proceed  from  the  north  or  fonth  of  this  parailtl,  in  an 
oblique  direction  north  and  fouth,  to  the  dillance  of  about 
thirty  degrees  on  each  fide  of  the  equator.  In  both  the  tem- 
perate zones  the  regular  winds  mud  blow  from  weft  to  call 
within  thcfe  boundaries,  as  they  incline  towards  tlie  parallel 
of  the  atmofpheric  tide,  and  again  rcfiorc  the  equilibrium  of 
the  atmofphcre,  which  has  been  rarefied  by  the  continual 
movement  of  the  aerial  tides,  Thei'e  confetjuences,  deduced 
from  theory,  coincide  perfe6lly  with  the  courfe  of  the  wind 
in  the  ocean.  At  land,  and  on  confined  feas,  many  other 
caufes  exifl  which  contribute  to  chan(2;e  the  regular  direction 
of  the  winds,  and  to  make  them  variable. 

On  the  coafts,  in  the  torrid  zone,  the  wind  blows  for  the 
mofl  part  from  the  fea  towards  the  land.  The  rcafon  of  this 
js  evident.  The  reflefted  rays  of  the  fun,  and  other  caufes, 
heat  and  rarefv  the  air  at  land  much  more  than  at  fea ;  and 
the  dircAion  of  the  wind  always  proceeds  towards  the  rare- 
fied part  of  the  atinoiphere.  The  places  where  the  laft  men- 
tioned winds  feparate  thcmfelvcs  from  the  regular  winds, 
limit  be  abfolutelv  calm.  All  this  is  confirmed  by  experi- 
ence throughout  tl)e  whole  torrid  zone^  and  particularly  on 
the  coaft  of  Guinea. 

Befides  the  determination  of  the  courfe  of  the  winds  in 
confequence  of  the  atmofpheric  flux  and  reflux,  there  are 
an  imm^nfe  number  of  local  and  accidental  caufes  which, 
have  an  influence  on  the  creation  and  direction,  of  the  winds. 
One  of  the  leaii;  irregular  is  the  prelTure  and  gravity  of  the 
atmofphere  iri  the  frigid  zones,  which  mufl  occafion  a  con- 
tinued movement  of  the  air  towards  the  more  rarefied  parts, 
and  at  the  fame  time  a  wind  from  the  poles  towards  the 
equator.  As  foon,  hov.'cvQf,  as  this  continual  wind  enters 
the  tcnjperate  zones,  its  dire6lion  will  be  overcome  and  de- 
ranaed  by  other  local  caufps:  an  examination,  however,  of 
thofe  winds  not  arifijg  from  tl>e  atmofpheric  tides,  does  not 
fall  within  the  plan  of  this  eifay. 

Thofe  winds,  on  the  otij.er  hand,  wliich  generally  blow 
at  fun- rife  and  fun^fct,  are  a  remarkable  elfcct  of  the  atnio^ 
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fi)hcric  tides  produced  by  heat,  as  tfie  gentle  wind  obfervcd 
at  the  times  of  high  water  in  the  ocean,  even  during  wea- 
ther in  other  rcfpeils  calm,  proceeds  from  an  atmofpheric 
tide  produced  by  attraction. 

The  difficultv  of  breathing  which  people  experience  in  the 
torrid  zone,  under  an  atmoipheric  tide,  arifing  from  heat, 
mud  be  afcribcd  as  much  to  a  rarefaction  of  the  air  thereby 
occafioned,  as  to  the  heat  itfclf.  A  Hke  effect,  in  regard  to 
breathing,  is  perceived  on  high  mountains ;  which  however 
arifes  from  the  thinnefs  of  the  air  on  thefe  eminences,  for 
here  the  heat  can  have  no  part  in  the  rarefa£lion. 

It  happens  fometimes,  in  warm  countries,  that  during  the 
atmofpheric  tides,  the  heat  and  rarefaftion  of  the  air  increafc 
to  fuch  a  dei^rcc  that  they  create  fcorchino-  and  fuffocatino- 
winds,  known  under  the  name  of  Sc/^nw;  the  violence  of 
which  proceeds  fo  far  fometimes,  that  thev  dedroy  on  the 
fpot  thofe  who  are  immediately  expofed  to  them.  Abun- 
dant and  horrid  in.lances  of  this  circumdance  are  quoted  by 
the  Abbe  Richard  in  his  Natural  Hiftory  of  the  Air  and 
Meteors  which  have  occurred  in  the  Defarts  of  Arabia,  in 
the  neighbourhood  of  the  Perfian  Gulph,  and  other  places. 

Befides  \.\\^{q  folanos,  it  is  obferved  alfo,  fometimes,  that 
the  wind  fuddenly  rudies  from  all  quarters  to  that  point 
where  the  air  is  mod  rarefied,  which  occalions  dorms  and 
hurricanes  in  that  part  by  the  mutual  Ihock  of  the  air  and 
tlie  vapours  dreaming  in  all  directions  towards  one  centre, 
and  the  winds  then  blow  backwards  again  from  this  point  to 
every  quarter  of  the  heavens  till  the  ecjuilibrium  is  redorcd. 
This  effecl:,  fo  natural  and  common,  has  longadoniOicd  thofe 
who  never  employed  thcmfelves  in  endeavouring  to  difcovcr 
the  caiife. 

In  the  lad  place,  there  is  good  reafon  for  conjefturini  that 
the  fame  phylical  caufes  which  produce  the  different  atmo- 
fpheric tides,  with  their  confequcnces,  contribute  alfo  to 
change  the  weather  autl  tcnu^:!eraturc,  anu  to  produce  at  the 
fame  time  a  great  many  other  meteorological  phenomena. 


Vol.  V.  Q  II.  Or? 
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II.    On   the  Nature  and  CoiiJJruBhn  of  the  Srm  mi  J  Fixed 
Stars.     By  WiLLlAM  Heuschkl,  LL.D.F.R.S.* 
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jNIONG  the  cclcftial  bodies,  the  Sun  is  certainly  the 
lliit  which  (lunild  attraft  ovir  notice.  It  is  a  fountain  ot 
light  that  illuminates  the  world  !  It  is  the.  canfc  of  thiit 
heat  which  maintains  the  ptoduotive  power  of  Nature,  and 
makes  the  earth  a  fit  habitation  for  man  !  It  is  the  central 
body  of  the  planetary  fvftem  ;  and  what  lenders  a  know- 
ledoe  of  it  ilill  more  interedino-  to  us  U,  that  tlie  numbcrlef^ 
flars  which  compofe  the  imivcrlcj appear,  by  the  ftrio.teft  ana- 
logy, to  be  fujiilar  bodies.  Their  innate  light  is  fo  intenfe, 
that  it  reaches  the  eye  of  the  obfervcr  from  the  rcmoteft  re- 
gions of  fpacc,  and  forcibly  claims  his  notice. 

Now,  if  we  arc  convinced  thjt  avi  cnquirv  into  the  nature 
and  properties  of  the  fun  is  highly  worthy  of  our  notice,  wc- 
may  alio,  with  great  fatisfactiun,  reficcl  on  the  confiderablc 
progrefs  that  has  already  been  made  in  our  knowledge  of  tliis 
tnnncnt  bodv.  It  would  require  a  long  detail  to  enumerate 
all  the  various  difcoveries  which  have  been  made  on  this 
fubject;  1  fliall  tlrerefore  content  mvielf  with  giving  only 
the  mod  capital  of  them. 

Sir  Ifaac  Newton  has  fhcwn  that  the  fun,  by  its  attradlive 
power,  retains  the  planets  of  our  fvftem  in  their  orbits  :  he 
has  alfo  pointed  out  the  method  \\  hereby  the  quantities  ol' 
matter  which  it  contains  m.ay  be  accurately  determined.  Dr. 
Bradley  has  afiigned  the  velocity  of  the  folar  light  with  a 
degree  of  precifion  exceeding  our  utmoft  expcclation.  Gal- 
lileo,  Scheiner,  Hevelius,  CaOini  and  others  have  afcertained 
the  rotation  of  the  fun  tipon  its  axis,  and  determined  the  po- 
fition  of  Its  eq\ialor.  By  means  of  the  tranfit  of  \^enus  over 
the  dilk  of  the  fun,  our  mathematicians  have  calculated  its 
didance  from  the  earth  ;  its  real  diameter  and  magnitude  j 
the  dendty  of  the  matter  of  which  it  is  compofcd;  and  the 
fall  of  heavy  bodies  on  its  furface. 

*  From  tlie  PbHofoj'hU-ul  'I'rujifanLons  of  the  Rojal  Society  for  1794, 
Taic  i. 
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Krom  Uic  particulars  here  enumerated  it  is  fufficiently  ob- 
xioiis,  that  we  have  already  a  very  elear  idea  of  the  vail  im- 
jioruuice  and  poweriul  iiifliience  of  the  fun  on  its  planetary ' 
<v(teni :  and  if  we  add  to  this  the  beneficent  eTeots  we  feel 
Oil  this  globe  from  the  diftufion  of  the  folar  rays;  and  con- 
lider  that,  by  well-traced  aiialoiies,  the  fame  ctfe^ls  have 
l)een  proved  to  take  place  on  other  planets  of  this  fyitem, 
\  Hiould  not  wonder  if  we  were  induced  to  think  that  no- 
ihin;:;  remained  to  be  added  in  order  to  complete  our  know- 
ledge :  and  yet  it  will  not  be  difficult  to  (hew  that  wc  are 
Itill  very  icrnorant,  at  leaft  with  regard  to  the  internal  con- 
llruiSlion  of  the  fun.  The  various  conje61ures  v.hich  have 
been  formed  on  this  fubjeel,  arc  evident  marks  of  the  un- 
certainty under  which  we  have  hitherto  laboured. 

The  dark  fpots  in  the  fun,  for  inftance,  have  been  fuppofed 
to  be  folid  bodies  revolving  very  near  its  furfoce.  They  have 
been  conjectured  to  be  the  fnioke  of  volcauo,es,  or  the  fcum 
floating  upon  an  ocean  of  tluid  matter.  They  have  alfo  been 
taken  for  clouds.  They  were  explained  to  be  opaque  maiTes 
fvvlmming  on  the  fluid  matter  of  the  fun,  dipping  down 
occafionally.  It  has  been  fuppofed  that  a  fieiy  liquid  fur- 
rounded  the  fun,  and  that,  by  its  ebbing  and  flowing,  the 
higheft  parts  of  it  were  occafionally  uncovered,  and  appeared 
under  the  fhape  of  dark  fpots ;  and  that,  by  the  return  of  the 
fiery  liquid,  thcv  were  again  covered,  and  in  that  manner 
fuccelfively  aflumed  different  phafes.  The  furi  itfelf  has  been 
called  a  globe  of  fire,  though  perhaps  metaphorically.  The 
wade  it  would  undergo  by  a  gradual  coniumption,  on  the 
fuppofition  of  its  being  ignited,  has  been  ingenioully  calcu- 
lated :  and,  in  tiie  fame  point  of  view,  its  immcnfe  power  of 
healing  the  bodies  of  fuch  comets  as  draw  very  near  to  it 
has  been  aliigned, 

The  bright  fpots,  or  faculae,  have  been  called  clouds  of 
light,  and  huniuous  vapours.  The  liglu  of  the  fun  itfelf  has 
been  fuppofed  to  be  directly  invifible,  and  not  to  be  perceived 
unlefs  bv  refle6lion :  though  the  proofs  which  are  brousjht 
ill  fupport  of  that  opinion  fccm  to  me  to  amount  to  no  more 
than,  what  is  fufficiently  evident,  that  we  cannot  fee  when 
ra)  s  of  light  do  not  enter  the  eye. 

Q1.2.  But 
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Bat  it  is  time  to  profit  bv  the  many  valuable  obforvation* 
u-e  are  now  in  poiTeflion  of.  A  iiil  of  fucciffive  eminent 
altroiiomers  may  be  named,  from  Gallileo  down  to  the  prc- 
fent  time,  who  have  fiirniflied  us  with  materials  for  exa- 
mination. I 

In  fapporting  the  ideas  I  fliall  propofe  in  this  paper,  with 
regard  to  the  phyfical  conftraction  of  the  fun,  I  have  availed 
myfclf  of  the  labours  of  all  ihcfe  altronomcrs,  but  have  been 
indueed  thereto  only  by  my  own  actual  obfervation  of  the 
folar  phenomena;  which,  befides  verifying  thofe  particulars 
that  had  been  already  obferved,  gave  me  fuch  views  of  the 
folar  regions  as  led  to  the  foundation  of  a  very  rational  fyf- 
tem.  For,  having  the  advantage  of  former  obfervations,  my 
lateft  reviews  of  the  body  of  the  fun  were  immecHately  di- 
rected to  the  mod  e'lential  points ;  and  the  work  was  by  this 
means  facilitated,  and  contracted  into  a  pretty  narrow  com- 
pafs. 

The  following  is  a  fliort  extract  of  my  obfervations  on  the 
fun,  to  which  I  have  joined  the  confequences  I  now  believe 
myfclf  entitled  to  draw  from  them.  When  all  the  rcafonings 
on  the  fevcral  phenomena  are  put  together,  and  a  few  addi- 
tional arguments  taken  from  analogy,  which  I  fliall  alfo  add, 
are  properly  confidered,  it  \Vill  be  found  that  a  general  con- 
clufion  may  be  made  which  feems  to  throw  a  confiderable 
light  on  our  prefcnt  fubjeCl. 

In  the  year  1779  there  was  a  fpot  on  the  fun  which  was 
larn-e  enousrh  to  be  feen  with  the  naked  eve.  Bv  a  view  of 
it  v.ith  a  feven  feet  reflector,  charged  with  a  very  high  power, 
it  appeared  to  be  divided  into  two  parts.  The  largeft  of  the 
two,  on  the  I9ih  of  April,  meafured  i'8",o6  in  diameter; 
which  is  equal  in  length  to  more  than  31  thoufand  miles. 
Both  together  mufl  certainly  have  extendctl  above  50  thou- 
fand. 

The  idea  of  its  being  occafioned  by  a  volcanic  exj)lofion 
violently  driving  away  a  fiery  fluid,  which  on  its  return  would 
gradually  fill  up  the  vacancy,  and  thus  reftore  the  fun,  in  that 
place,  to  its  former  fplendour,  ought  to  be  rejed-.ted  on  many 
.accovmts.  To  mention  only  one,  the  great  extent  of  the  fpot 
is  very  unfavourable  to  fuch  a  fuppofition.     Indeed  a  much 
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lefs  violent  and  Icfs  pernicious  caufc  may  be  affigned  to  ac- 
count for  all  the  appearances  of  the  fpat.  When  \vc  fee  a 
dark  belt  near  the  equator  of  the  planet  Jupiter,  we  do  not 
recur  to  earthquakes  and  volcanoes  for  its  origin.  An  atmo- 
fphere,  with  its  natural  changes,  will  explain  fuch  belts.  Our 
fpot  on  the  fun  may  be  accounted  for  on  the  fame  principles. 
The  earth  is  furrounded  by  an  atmofphere  compofcd  of  va- 
rious elaftic  fluids.  The  fun  alfo  has  its  atmofphere;  and  if 
fome  of  the  fluids  which  enter  inio  its  compofltion  fliould 
be  of  a  fliining  brilliancy,  in  the  manner  that  will  be  ex- 
plained hereafter,  while  others  are  merely  tranfparent,  any 
temporary  caufe  which  mav  remove  the  lucid  fluid  will  per- 
mit us  to  fee  the  body  of  the  fun  through  the  tranfparent 
ones.  If  an  obferver  v/ere  placed  on  the  moon,  he  would 
fee  the  folid  body  of  the  earth  only  in  thofe  places  where  thii 
tranfparent  fluids  of  our  atmofphere  would  permit  him.  In 
others,  the  opaque  vapours  would  reflect  the  light  of  the  fun 
without  permittino-  his  view  to  penetrate  to  the  furface  of 
our  globe,  lie  would  probably  alfo  find  that  our  planet  had 
occaiionally  fome  fliining  fluids  in  its  atmofphere ;  as,  not 
unlikely,  fome  of  our  northern  lights  might  not  efcape  his 
notice,  if  they  happened  in  the  unenlightened  part  of  tbc 
earth,  and  were  feen  bv  him  in  his  long  dark  night.  Nay, 
\ve  have  pretty  good  rcafon  to  believe,  that  probably  all  the 
planets  emit  light  in  fome  degree  ;  for  the  illumination  which 
remains  on  the  moon  in  a  total  cclipfe  cannot  be  cntirelr 
afcribed  to  the  light  which  may  reach  it  by  the  refra61:ion  of 
the  earth's  atmofphere.  For  inftanec,  in  the  eclipfe  of  the. 
moon  October  22,  1790,  the  rays  of  the  fun  refracted  bv  tb.c 
atmofphere  of  the  earth  towards  the  moon,  admitting  the 
mean  horizontal  refraction  to  be  30'  5o''',8,  would  meet  in  a 
focus  189  thoufand  miles  beyond  the  moon;  fo  that  confe- 
cjuently  there  could  be  no  illumination  from  rays  refracted 
by  our  atmofpliorc.'  It  is,  however,  not  improbal)Ie,  that 
about  the  j^olar  regions  of  the  eaith  there  may  be  rcfraftion 
enough  to  brino;  lome  of  the  folar  rays  to  a  fliorter  focus. 
The  diftance  of  the  moon  at  the  time  of  the  eclipfe  would 
reijuire  a  refra6lion  of  54'  6'' y  equal  to  its  horizontal  parallax 
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at  that  time,  to  bring  them  to  a  focus  fo  as  to  tluow  light 
on  the  mo  )n. 

The  unenhghtcncd  part  of  the  planet  \'cnn.<  h;«s  iilfo  hecii 
iceu  by  ditferent  perfons,  and  not  having  u  fatelliie,  fhofe 
regions  that  are  turned  from  the  fun  eannot  poiJibly  fhine  by 
a  borroAcd  light;  fo  that  this  faint  illumination  mull  denote 
feme  phofphoric  quality  of  the  atmofphere  of  \'enu>. 

In  the  inftance  of  our  large  fpot  on  the  fun,  1  conchide 
from  a'ppearances  that  I  viewed  the  real  body  of  the  fun 
itfelf,  of  which  we  rarely  fee  more  than  its  Ihming  atmo- 
iphere. 

In  the  year  1783  I  obfcrved  a  line  large  fpot,  and  followed 
it  up  to  the  edge  of  the  fun's  limb.  Here  I  took  notice  that 
the  fpot  was  plainly  deprelfed  below  the  furfaec  of  the  fun; 
and  that  it  had  very  broad  flielving  fides.  I  alfo  fufpecled 
(bme  pari,  at  leaft,  of  tlie  flielving  fides  to  be  elevated  abov(^ 
the  fuvface  of  the  fun  ;  and  obferved  that,  contrary  to  what 
iifually  happens,  the  margin  of  that  fide  of  the  fpot  which 
was  fartheft  from  the  limb  was  the  broadeft. 

The  luminous  flielving  fide  of  a  fpot  may  be  explained  by 
a  gentle  and  gradual  removal  of  the  (hining  fluid,  which  per- 
mits U3  to  fee  the  globe  of  the  fun.  As  to  the  uncommon 
appearance  of  the  broadeft  margin  being  on  that  fide  of  the 
fpot  which  was  fartheft  from  the  limb  when  the  fpot  came 
near  the  edge  of  it,  we  may  furmife  that  the  fr.u  has  inequa- 
lities on  its  furface,  which  may  pofiiibly  be  the  caufe  of  it. 
Tor,  w  hen  mountainous  countries  are  expofed,  if  it  fhould 
chance  that  the  highefipartof  the  landfcape  are  fituated  fo  as 
to  be  near  that  fide  of  the  margin,  or  penumbra  of  the  fpot, 
wliich  is  towards  the  limb,  it  may  partly  intercept  our  view  of 
it  when  the  fpot  is  fecn  very  obliquely.  '1  his  would  require 
elevations  at  leaftfiveorfix  hundred  miles  high;  butconfider- 
in""  the  great  attra6lion  exerted  by  the  fun  upon  bodies  at  its 
furface,  and  the  flow  revolution  it  has  upon  its  axis,  we  may 
readilv  admit  inequalities  to  that  amount.  From  the  centri- 
fu2:al  force  at  the  fun's  equator,  and  the  weight  of  bodies  at 
its  furface,  I  compute  that  the  power  of  throwing  down  a 
mountain  by  the  exerlion  of  the  former,  balanced  by  the 
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fiipcrior  ioirc  of  keeping  it  in  its  place  of  (he  lalterj  is  near 
6;  times  Icfs  on  the  fun  than  on  our  equntori:.!  regions;  and 
as  an  clc\ alien  iimilar  to  one  of  three  miles  on  tlie  earth 
uouki  not  be  Icfs  than  334  miles  on  the  fun,  there  can  be 
no  doubt  but  that  a  mountain  much  higher  would  ftand 
very  firmly.  The  little  denfity  of  the  folar  body  fccms  alfo 
to  be  in  favour  of  the  height  of  its  mountains  ;  for,  cceteris 
paribus,  denfe  bodies  will  fooner  come  to  their  level  than  rare 
ones.  The  difference  in  the  vanidiing  of  the  ^lelving  fide, 
inftead "of  explaining  it  bv  mountains,  may  alfo,  and  perhaps 
more  fatisfactorilv,  be  accounted  for  from  the  real  difference  of 
the  extent,  the  arrangement,  the  height,  and  the  intenfity  of 
the  fliining  fluid,  added  to  the  occafional  changes  that  may- 
happen  in  thefe  particulars  during  the  time  in  which  the  fpot 
approaches  to  the  edge  of  the  dilk.  However,  by  admitting 
large  mountains  on  the  face  of  the  fun,  we  fliall  account  for 
the  different  opinions  of  two  eminent  aftronomers;  one  of 
whom  believed  the  fpots  depreffed  below  the  fun,  while  the 
other  believed  them  elevated  above  it.  For  it  is  not  impof- 
fible  that  feme  of  the  folar  mountains  may  be  high  enough 
»)ccafionally  to  projedl  above  the  fliining  elaltic  fluid,  when, 
by  fome  agitation,  or  other  caufe,  it  is  not  of  the  ufual 
-height:  and  this  opinion  is  much  ftrengthcned  by  the  re- 
turn of  fome  remarkable  fpots  which  ferved  Calfini  to  afcer- 
tain  the  period  of  the  fun's  rotation.  A  very  high  countrv, 
or  chain  of  mountains,  may  oftencr  become  vifiblc,  bv  the 
removal  of  the  obllructing  fluid,  than  the  lower  regions,  on 
account  of  its  not  being  lo  dje;;lv  covered  with  it. 

In  the  year  1791  I  examined  a  large  fpot  on  the  fun,  and 
found  it  evidently  deprelled  below  the  level  of  the  furface; 
about  the  dark  part  was  a  broad  margin,  or  plane,  of  confi- 
derable  extent,  lefs  bright  than  the  fun,  and  aifo  lower  than 
its  furface.  This  plane  feemed  to  rife,  with  fliclving  fides, 
up  to  the  place  where  it  joined  the  level  of  the  furface. 

In  confirmation  of  thefe  appearances,  I  carefully  remarked 
that  the  di(k  of  the  fun  was  vifibly  convex  :  and  the  reafon  of 
my  attention  to  this  particular,  \\as  my  being  already  long 
acquainted  with  a  certain  optical  deception,  that  takes  place 
now  and   then  when  v  e  view  the  moon ;  which  is,  that  all 
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the  elevated  Ipots  on  its  furface  will  fccni  to  be  caviiies,.  and 
all  cavities  will  afTume  the  fliape  of  mountains.  But  then, 
at  the  fame  time,  the  moon,  inftead  of  having  the  convex  ap- 
pearance of  a  globe,  will  iceni  to  be  a  large  concave  portion 
of  an  hollow  fpherc.  As  foon  as,  by  the  force  of  imagination, 
you  drive  away  the  fallacious  appearance  of  a  concave  moon, 
you  reftore  the  mountains  to  their  protuberance,  and  fink 
the  cavities  again  below  the  level  of  the  furface.  Now,  when 
I  faw  the  fpot  lower  than  the  fliining  matter  of  the  fun,  and 
an  extended  plane,  alfo  deprelTcd,  with  (helving  fides  rifing 
up  to  the  level,  I  alfo  found  that  the  fun  was  convex,  and 
appeared  in  its  natural  globular  ftate.  Hence  I  conclude 
that  there  could  be  no  deception  in  thofe  appearances. 

How  very  ill  would  this  obfervation  agree  with  the  ideas 
of  folid  bodies  bobbing  up  and  down  in  a  fiery  liquid  ?  with 
the  fnioke  uf  volcanoes,  or  fcum  upon  an  ocean?  And  how 
eafily  it  is  explained  upon  our  foregoing  theory.  The  re- 
moval of  the  Ihining  atmofphere,  which  permits  us  to  fee 
the  fan,  mufi;  naturally  be  attended  with  a  gradual  diminu- 
tion on  its  borders  :  an  inftance  of  a  fimilar  kind  we  have 
dailv  before  us,  when  through  the  opcnino;  of  a  cloud  we  fee 
the  ll:v,  which  generally  is  attended  by  a  furrounding  hazi- 
nefs  of  fome  flrort  extent ;  and  feldom  tranfits,  from  a  perfect 
clearnefs,  at  oace  to  the  grcatell  obfcuritv. 

Jlug.  26,  1792.  I  examined  the  fun  with  feveral  powers, 
from  90  to  500,  It  appears  evidently  that  the  black  fpols 
arc  the  opaque  oround,  or  body  of  the  fun ;  and  that  the 
luminous  part  is  an  atmofpheie,  which,  being  interrupted  or 
broken,  gives  us  a  tranfient  glimpfe  of  the  fun  itfelf.  My 
7-feet  refieftor,  which  is  in  high  perfection,  rcprefenls  the 
fpots,  as  it  always  ufcd  to  do,  nmch  dcpreffed  below  the  Sur- 
face of  the  luminous  part. 

Sept.  2,  1792.  I  faw  two  fpots  in  the  fun  with  the 
naked  eye.  In  the  telefcope  I  found  they  were  clutlers  of 
fpots,  with  many  fcattered  ones  befides.  Every  one  of  them 
was  certainly  below  the  furface  of  the  luminous  difk. 

Sept.  8,  1792.     Having  made  a  fmall  fpcculum,  merely 

brought  to  a  perfect  figure  upon  hones  without  polifii.    I 

found  that,  by  ftifling  a  great  part  of  the  folar  rays,  my  ob- 
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}cA-fpcculum  would  bear  a  greater  aperture ;  and  thus  en- 
abled mc  to  fee  with  more  comfort,  and  lefs  danger.  Tlie 
furfacc  of  the  fun  was  unequal ;  many  parts  of  it  being  ele- 
vated, and  others  depreffed.  This  is  here  to  be  undcrllood 
of  the  fiiining  furface  onlv,  as  the  real  body  of  the  fun  can 
probably  be  (oldom  fcen  olherwifo  than  in  its  black,  fpots. 

It  may  not  be  impoflible,  as  light  is  a  tranfparcnt  fluids 
that  the  fun's  real  furface  alfo  may  now  and  irien  \y<i  per- 
ceived ;  as  we  fee  the  fliape  of  tlic  wick  of  a  candle  through- 
its  flame,  or  the  contents  of  a  furnace  in  the  midft  of  the 
brighteft  glare  of  it :  but  this,  I  Ihould  fnppofc,  will  only 
liappen  where  tiie  lucid  matter  of  the  fun  is  not  very  accu- 
tmdated. 

.Sept.  0,  1792.  T  found  one  of  the  dark  fpols  in  the  fan 
■drawn  pretty  near  the  preceding  edge.  In  its  ncighbourliooii 
I  faw  a  great  number  of  elevated  bright  places,  making  va- 
rious figures  :  I  (hall  ca'i  them  faCiihe^  with  Ileve'ius ;  but 
without  affurnino-  to  this  term  anv  other  meanina:  than  what 
it  will  hereafter  appear  ought  to  be  given  to  it.  1  ice  thcfe 
faculae  extended,  on  the  preceding  fide,  over  about  i-6tk 
part  of  the  fun  ;  but  fo  far  from  refembling  torches,  ihev 
appear  to  me  like  the  flirivelled  elevations  upon  a  dried  ap- 
ple, extended  in  length,  and  moll  of  them  are  joined  toge- 
ther, making  waves,  or  vvaving  lines. 

By  Tome  good  views  in  the  afiernoon,  I  find  tliat  the  reil 
t)f  the  furf^tCe  of  the  fun  does  not  contain  any  taculai,  excepc 
a  few  on  the  following,  and  equatorial  part  ot  the  fLin.  To- 
wards the  nofth  and  fouth  I  fee  no  faCL\l:i: :  there  is  all  over 
the  fun  a  great  unevennefs  in  the  furface,  wlilch  has  the  ap- 
pearance of  a  mixture  of  fmall  points  of  an  uni-qual  light  j 
but  they  Jvre  evidently  an  unevennefs  or  roughncfs  of  high 
and  low  parts. 

Stept.  n,  1792.  The  fact^la!,  in  the  preceding  part  of  the 
fun,  are  much  gone  out  of  the  difk,  and  thofe  in  the  follow- 
ing are  come  on.     A  dark  fpot  alio  is  conic  on  with  them. 

Sept.  13,  1792.     There  are  a. great  number  of  facula:  oa 

the  equatorial  part  of  the  fun,  towards  the  preceding  and 

following  parts.     I  cannot  fee  any  towards  the  poles  3  but  a 

roughncfs  is  vifible  every  where. 
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Sc^/>L  16,  1792.  The  fLtii  contain.?  many  large  faculac  of\ 
the  following  fide  of  its  equator,  and  alfo  fcvcral  on  the  pre* 
ceding  fide.  I  perceive  none  about  the  poles.  They  feeni 
generally  to  accompany  the  Ipots;  and  probal)ly,  as  the  fa- 
cuhe  certainlv  arc  elevations,  a  great  number  of  them  may 
oceafion  neighbouring  deprefTions,  that  is  to  fav,  dark  fpot?. 
•  The  faculie  being  elevations,  very  fatisfiictorily  explains  the 
Teafon  why  thev  difappcar  towards  the  middle  of  the  fun,  and 
rc-appeaf  on  the  other  margin ;  for,  about  the  place  where 
v.c  lofc  them,  they  begin  to  be  cdge-wavs  to  our  ^  iew  ;  and 
if  between  the  facnhe  fliould  lie  dark  fpots,  they  will  moft 
frcquentlr  break  out  in  the  middle  of  the  fun,  becaufe  thejr 
are  no  longer  covered  bv  the  fidc-vicws  of  ihefe  faeuhe. 

Srf)t'.  zZf  17^2.  Tliere  are  not  many  faeulai  in  the  (uii, 
and  but  t«w  fpots  ;  thf;  whole  dilk,  however,  is  ver\'  nmeh 
marked  with  roughnefs,  like  an  orange.  Some  of  the  lowctl 
parts  of  th>'  incqualites  arc  blackifli. 

S.-pt.2^,  1792.  Tiie  following  (Ide  of  the  fun  contain* 
many  faeulae  near  the  limb.  They  take  up  an  arch  ot  about 
50  degrees.  'Jlicrc  are  likewife  fome  on  the  preceding  fide. 
The  north  aixi  fouth  is  rough  as  ufual,  but  diticrently  dif- 
pofcd.  The  faeuK'c  arc  ridges  of  elevations  above  the  rouglj 
furface. 

Ft'i'.  2'5,  1794.  Bv  an  experiment  I  have  juft  now  tried, 
1  find  it  eonnnned  that  the  fun  cannot  be  fo  dittinctly  viewed 
with  a  fmall  aperture  and  faint  darkening  glaiies,  as  with  a 
lari^e  aperture  and  llronaer  ones;  this  Later  is  the  method  I 
alwavs  ui'e. 

One  of  the  black  fpots  on  the  preceding  margin,  which 
was  greativ  below  the  furface  uf  the  fun,  had,  next  to  it,  a 
protu'ycrant  lump  of  ihining  matter,  a  little  brigfitc'r  than  the 
reft  of  the  'i-.m. 

About  all  the  ip'^r-;.  :he  iT.ining  matter  fcems  to  have  been 
dlilurbed;  and  is  uneven,  lumpv,  and  zlg-zagged  in  an  ir- 
Tctrular  manner. 

■  I  call  the  fpots  black,  not  liiat  they  are  cniin-Iy  h,  but 
inerclv  to  dilnnguifh  them  ;  for  there  is  not  one  of  them 
lo-d;iv,  which  is  not  partly,  or  ei;iirtly,  covered  over  with 
N^iiitiiii  and  uuequally  bright  ncbujolity,  or  cloudincfi.   This, 
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in  nnny  of  ihcm,  comes  near  to  an  cxtindion  of  the  Iput ; 
ojid  in  otlicrs,  fccm&  to  bring  on  a  ruhdi.ilion. 

St'pt.  28,  1794.  There  i:?  a  dark  fpot  in  tlie  {\.\n  on  the 
following'  fide.  It  is  cert;Mnly  deprelFed  below  tlie  lliining 
atinofpherc,  and  has  (liclving  fides  of  (hiriing  matter,  whieh 
rill'  up  liigher  than  the  general  furface,  and  are  brighteft  at 
the  top.  The  preceding  (helving  fide  is  rendered  alinofi:  in- 
vifible  by  the  overhanging  of -the  preceding  elevatian.'^,  while 
the  following  is  very  well  expofed  ;  the  fpot  being  apparently 
fiu-h  in  figure  as  denotes  a  circular  iorni  viewed  in  ao  oblique 
direction. 

Xi'ar  the  following  margin  arc  many  bright  elevation^', 
clofe  to  vifiblc  deprcHi.ins.  Tlie  dcprellld  parts  are  Ids 
briojht  than  the  common  fiufacc. 

Tiie  penumbra,  as  it  is  called,  about  this  fpot,  is  a  confix 
derable  plane,  of  lefs  brightncfs  than  the  common  furface, 
and  feems  to  be  as  much  depreiled  below  tliat  furface  as  the 
ipot  is  below  the  plane. 

ITence,  if  the  brightncfs  of  the  fun  is  occnfioncd  hv  t)ie 
lucid  atmofpherc,  the  intenfity  of  the  brighirufs  mult  i)c  leiis 
where  it  is  deprelfed ;  for  light,  being  tranf[)arcnt,  nuifL  be 
the  more  intenfe  the  more  it  is  deep. 

0:1.  iz,  1794.  The  whole  furface  of  tiic  fun  is  divcrfificd 
by  inequality  in  the  ek-valion  of  the  fiiining  atuiolpherc.  The 
loweft  parts  arc  every  where  darkeft;  and  every  little  pit  has 
(be  appearance  of  a  more  or  lefs  dark  fpot. 
-  A  dark  fpot,  which  is  on  the  preceding  fide,  is  furvoimdcd 
by  very  great  inequalities  in  the  elcvatioii  of  the  lucid  atmo- 
fpliere ;  and  its  deproffion  below  tlic  fame  is  boiUided  bv  an 
hnmcdiate  rifing  of  vcrv  bright  liglit. 

Ocf.  13,  1794.  The  fpot  in  the  fun  T  obfervcd  vfierdav 
\i  drawn  fo  near  the  niargin,  that  the  ekxatcil  fide  of  the  ffil- 
lowing  part  of  it  hides  ail  tlic  black  ground,  and  (till  leaves 
the  cavity  vifible,  fo  that  the  deprc'fion  of  the  black  fpo;s, 
((lid  the  elevation  of  the  faculu;,  are  equally  evident. 

CTo  be  coEtii.uccl  "  ■ 
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Blajl-Furnacc.  By  Mr.  David  Mushet,  o/'  the  Cljde 
IroiL'Jl^orks.      Cofn/nunicatcd  by  the  Author. 


T  was  my  wifli,  in  the  papers  preceding  this  communica- 
tioHj  to  convey  a  clear  and  competent  idea  of  the  nature  of 
iron  as  a  metal  j  as  alfo  of  ores,  and  iron-ftoncs  in  general. 
1  riavc  endeavoured  to  ex[)lam,  upon  principles  grounded  oq 
experiment,  the  chief  agents  of  change  in  the  fnielting  ope- 
ration, fo  far  as  they  aficc\  the  quality  of  the  materials  prc- 
rarcd.  I  liave  aimed  at  pcrfpicuity  rather  than  minutenc-fs, 
which  often  becomes  tedious ;  and  although  the  faints  may 
^lot  be  conveyed  in  a  ftylc  fo  popular  as  communications, 
which  profefs  a  convevance  of  practical  truths,  generally  are, 
yet,  I  truft,  thig  will  Torm  no  real  bar  to  their  utiiity.  When 
fiif'i;  are  to  be  Jearnecl,  ^nd  principles  fatisfailorily  explained, 
J*  is  fuiely  bcfl  to  begin  by  '.he  examination  of  fimplc  caulesj 
fend  tracing  their  agency  according  to  their  quantities,  rela- 
tive proportions,  and  affinities.  Thefe  fatfts  wiU  undoubt- 
edly, in  the  end,  be  more  radically  underflood  by  ufmg  fucl> 
phrafei;,  or  l:gns,  as  denote  in  each  a  refpe^iive  quality  af-» 
{ixed  in  confequence  of  a  knowledge  of  its  properties  and  ef- 
Itft?.  In  il)ort,  if  the  language  and  reafoning  of  our  manu-. 
fiic^ories  is  ever  to  become  fcientific ;  if  philofuphy  and  che- 
nsiflry  are  ever  to  become  of  general  utility  ip  the  perfection 
f.f  anv  branch  ;  then  tlwfe  truths  which  conftitute  the  foun- 
dation of  all  fcience  are  not  to  be  rejected,  though  clothed 
m  a  drefs  which  at  firft  fight  appears  diicordant  to  our  ha^ 
t)it?,  r,r  burdtnfo'me  to  our  memorv. 

The  operalicixs  I  am  about  to  defcribe  have  never  as  yet 
rectived  any  explanation  confonant  to  true  phibfophv  or 
chemical  fafts  \  yet  there  are  few  which  prtfent  a  more  beau- 
tiTuJ  chain,  of  afiinities,  decdJnpofition,  and  rccombinationj^ 
than  the  manufacture  of  iron  in  all  its  various  ftages.  An; 
cxttnfivc  foundry  is  a  iabojratory  fraught  \^\{\^  phenomena  of 
the  moft  intereding  nature  in  chemiftry  and  natural  philo- 
iojpUv:  are  we  not  thtn  juftlv  furprifed  to.  find  that  prt^judice 
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fiill  reigns  there;  and  tliat  the  curious  manipulations  of  thcfc 
rtgions  are  i\\\\  flirouded  \vitl\  error  and  uiilconccptioa ;  as 
if  their  dingy  (trutture  forbade  the  entrance  of  genius,  or 
configned  her  h^I)orious  unlettered  ion?  to  an  endlefs  ftretcU 
of  mental  obfcurity  ? 

The  plate  of  the  blaft-furnace,  given  in  the  preceding 
Number,  having  a  full  defcription  appropriated  to  it,  I  Ihall 
proceed  to  detail  the  train  of  preparation  neceflary  before  the 
furnace  is  brought  to  produce  good  melting  iron. 

The  furnace  being  fmifhcd,  the  bottom  and  fides  of  it,  for 
<\vo  feet  up  the  fquare  funnel,  receive  a  lining  of  common 
bricks  upon  edge,  to  prevent  the  ftone  from  fliivering  or 
mouldering  when  the  fire  comes  in  conta6l  with  it.  On  the 
front  of  the  furnace  is  ere«hl;ed  a  temporary  fire-place,  about 
four  feet  long,  into  the  bottom  of  which  are  laid  correfpond- 
ing  bars.  'Ihe  fide-walls  are  made  fo  high  as  to  reach  the 
iinder-iurface  of  the  tymp-ftone  ;  excepting  a  fmall  fpace, 
which  afterwards  receives  an  iron  plate  of  i !  inches  thick- 
ncfs,  bv  way  of  a  cover :  this  alfo  preferves  the  tymp-ftone 
from  any  injury  it  might  fuftain  by  being  in  contact  with  the 
flame.  A  fire  is  now  kindled  upon  the  bars,  and  is  fed  occa- 
fionally  with  fmall  coals.  As  the  whole  cavity  ot  the  furnace 
ferves  as  a  chimney  for  this  fire,  the  draught  in  confequence 
is  violent,  and  the  body  of  heat  carried  up  is  very  confider- 
able.  In  the  courfc  of  three  weeks  the  furnace  will  thus 
become  entirely  free  from  damp,  and  fit  for  tlie  rcceptiou  of 
the  materials:  when  this  is  judged  proper  the  fire-place  is 
removed,  but  the  interior  bricks  are  allowed  to  remain  till 
the  operation  of  blowing  commences.  Some  loofe  fuel  ii 
then  thrown  upon  the  botiorn  of  the  furnace,  and  a  few  baf- 
kets  of  cokes  are  introduced ;  thefe  are  allowed  to  become 
thoroughlv  ignited  before  more  are  added.  In  this  manner 
the  furnace  is  gradually  filled;  fometinies  entirely  full,  and 
at  other  times  5-8ths  or  3-4ths  full.  The  number  of  baf-r 
kets  full  depend  entirely  u^on  the  fize  of  the  furnace:  that 
in  the  plate  will  contain  yoo  balket.-.  If  the  coal  is  fplint, 
the  weight  of  each  ba(ket-fuli  will  be  nearly  iioib, X 
900  -  9y.ooolb.  cokes.  As  this  quality  of  cokes  is  made 
with  a  lafs  of  nearly  50  ^a  cent^  the  origiual  weight  in  raw 
4  cualii 
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coals  will  be  equal  to  1 98,000  lb.  When  we  rcflecl  that  ttuj 
vafl  body  of  ignited  matter  is  replaced  every  third  day,  when 
the  furnace  is  properly  at  woik,  a  notion  may  be  formed  of 
the  immenfe  quantity  of  material?  requilite,  as  alfo  the  con- 
fequent  induftry  exerted  to  iupplv  one  or  more  Ivirnaccs  for 
the  fpace  of  one  year. 

When  the  furnace  is  fufTicienlly,  heated  throughout,  fpe- 
cific  quantities  of  cokes.,  iron-ftone,  and  blait- furnace  cinders 
arc  added  :  thcfc  are  ca'tied  charges.  The  cokes  arc  com- 
Tnonlv  fjlled  in  baikets,  which,  at  all  the  various  iron-works, 
are  nearly  of  a  fizc.  The  weight  of  a  bal"kct,  however,  de- 
pends entirely  upon  the  nature  and  quality  of  the  coal,  being 
from  70  to  I la  lb.  each  *.  The  iron-ftone  is  filled  into  boxc^, 
which,  when  moderately  heaped,  contain  56 lb.  of  torrefied 
iron-ttone;  thty  often  exceed  this  when  the  ftone  has  been 
feverely  roafled.  The  firft  charges  wliich  a  furnace  receives, 
contain  but  a  fmall  proportion  of  iron-ftone  to  the  weight  of 
cokes :  this  is  afterwards  increaftd  to  a  full  burden,  y.'hich  is 
connnoTilv  4bafkets  cokes,32olb. ;  2  boxes  iron-ftone,  1 1  z\h. ; 
I  box  blaft-furnacc  cinders,  6oor  yolb.f  At  new  works, 
■v.A-herc  theie  cinders  cannot  be  obtained,  a  fimilav  quantity 
of  limeftonc  is  uled. 

The  defcent  of  the  charge,  or  burden,  is  facilitated  by  opcn- 
iu'T  the  furnace  below  two  or  three  times  a-dav,  throwini^ 
nut  the  cold  cinders,  and  admitting,  for  an  iiou-  at  a  tinie^ 
a  lx)dy  of  frefh  air.  This  operation  is  repeated  tdl  the  aji- 
proach  of  the  iron-ftone  and  cinder,  xyhich  is  always  an* 
nounced  by  a  partial  fufion,  and  the  dropping  of  lava  through 
the  iron  bars,  introduced  to  fupport  th.e  incumbent  niaterials 
while  thofc  on  the  boitom  are  carried  away.  The  filling 
above  is  retruiarly  continued,  and  when  the  iu:  :i-ce  at  the 

*  This  fame  variety  in  t'c  coal  renders  it  almofl  imj^pflial ;.  uniier  one 
flefcription,  to  give  a  juft  idea  of  the  proportions  uf-.d  ar  v-riuus  blafl- 
furnaces:  to  avoid  being  too  ditl'ufe,  I  fiidl!  confine  my  d^ci'p'.jon  con- 
ne6tfd  with  a  coal  of  a  medium  quality,  or  a  mixture  of  iplint  and  fue- 
coai,  a  bafiict  of  which  will  weigh  from  7810.  to  h'4lb. 

-^  A  preference  at  firft  is  aluavs  given  to  blaH-furnace  cinf^crs  in  plaf< 
of  lime  ;  being  already  vitrifeJ,  they  are  of  much  ca'-.er  fuHon,  and  ten  J  to 
preicrvc  the  fuificc  of  the  htarth  by  glizing  it  over  with  a  bhck  vitrid 
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top  has  acquired  a  confiderable  degree  of  heat,  ii  is  ihcn 
jiulged  time  to  introduce  theblall;  the  preparations  necelTary 
tor  which  arc  the  loUowing: — 

7'he  dain-(ione  is  laid  in  its  jilnce  firmly  imbedded  in  fire- 
clay; the  dam-plate  is  again  imbedded  on  this  with  the  lasnc 
cement,  and  is  lubjeet  to  the  fame  incliiiation.  On  the  tup 
of  this  plate  is  a  flight  deprellion,  of  a  curved  furm^  towards 
that  lide  fartheft  diUant  from  the  blaft,  for  the  purpofc  oi 
concentrating  the  leoria,  and  allo\vin<2;  it  to  flow  oil  in  a  cou- 
netlcd  ftreain,  as  it  tends  to  furniount  the  level  of  the  dam. 
From  this  notch  to  the  k-vel  of  the  tloor  a  declivity  of  brick- 
work is  erf(!-ted,  down  which  the  fcoria  of  the  furnace  flows 
in  large  quantities,  'i'he  opening  betwixt  the  dam  and  iide- 
walla  of  the  furnace,  called  the  Jould,  is  then  built  up  with 
fand,  the  loofe  bricks  arc  removed,  and  tlic  furnace  bottom 
is  covered  witli  powdered  lime  or  cliarcoai-duii.  The  iir- 
nitcd  cokes  are  now  allowed  to  fall  down,  and  are  brouglit 
forward  with  iron  bars  nearly  to  a  level  with, the  dam.  The 
fpace  between  the  furface  of  the  cokes  and  the  bottom  of  the 
tymp-plate  is  next  rammed  hard  with  ftrong  binding  fand ; 
and  thefe  cokes,  which  are  expofed  on  the  outlide,  are  co- 
vered with  coke-duft.  Thefe  precautions  being  taken,  the 
tuyere -hole  is  then  opened  and  lined  with  a  foil  mixture  of 
fire-clay  and  loam :  the  blail  is  commonly  introduced  into 
the  furnace  at  firft  with  a  fmall  difcharging-pipe,  which  is 
afterwards  increafed  as  occafion  may  require.  In  two  hours 
after  blowing,  a  confiderable  quantity  of  lava  will  be  accu- 
mulated ;  iron  bars  are  then  introduced,  and  perforations 
made  in  the  compreHed  matter  at  the  bottom  of  the  furn;ice; 
the  lava  is  admitted  to  all  parts  of  the  hearth,  and  foon  tiio- 
roughly  heats  and  glazcs  the  furfaces  of  the  lire-flone.  Shortly 
after  this  it  riles  to  a  level  with  the  notch  in  the  dam-plate, 
and  by  its  own  accumulation,  together  with  the  forcible  ac- 
tion of  tlie  blaft,  it  flows  over.  Its  colour  is  at  firft  black ;  its 
fradure  denfe,  and  very  ponderous  j  the  form  it  aiTiimes  ia 
running  off  isdat  and  branched,  Ibmetimes  in  long  ftreams, 
and  at  other  times  lefs  extenfive.  If  the  preparation  has  been 
well  conducted,  the  colour  of  the  cinder  will  foon  eiiangt  to 
whitCji  and  the  metal,  which  in  theftatc  of  an  oxyde  formerlv 
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coloured  it,  will  be  left  in  a  clifenfrased  ftate  in  the  furnace 

-'  CO 

Whoi  the  metal  has  rifen  nearly  to  a  \t\e]  -with  the  dani,  it 
is  then  let  out  bv  cutting  awav  the  hardened  loam  ot"  xhf. 
tauld,  and  conveyed  by  a  channel,  made  in  fand,  to  its  pro- 
per dc'flination ;  the  principal  channel,  or  runner,  is  called 
thefcu',  the  lateral  moulds  are  called  the  p'gs, 
"•  In  fix  days  after  tlie  commencement  of  blowing,  the  fur- 
nace ought  to  have  wrought  hcrjelf  deary  and  have  acquired 
capacity  fufficient  to  contain  from  5000  to  70GO  weight  of 
iron.  The  quality  ought  alfo  to  be  richly  carbonated,  fo  as 
to  be  of  value  and  eftimation  in  the  pig-market.  At  this 
period,  with  a  quality  of  coal  as  formerly  mentioned,  the 
charge  will  have  increafed  to  the  following  proportion? : — - 
5  baflccts  cokes,  40olb.;  6  boxes  iron-flone,  336 lb.  j  i  box 
limeftone,  100  lb. 

An  analyfis  of  the  fmelting  operation,  and  the  tendency 
which  the  individual  agents  have  to  produce  change  in  the 
quality  and  quantity  of  the  iron,  come  next  under  confidera- 
tion.  Let  us,  however,  firll  notice  the  charatleriftic  features 
exhibited  by  the  different  kinds  of  iron  while  in  fufiouj 
whereby  the  quality  of  the  metal  may  be  juftly  defined. 

When  fine  (No.  j.)  or  fupercarbonatcd  crude  iron  is  run 
from  the  furnace,  the  dream  of  metal,  as  it  iifiies  from  the 
tauld,  throws  off  an  intinite  num.ber  of  brilliant  fpaiklcs  of 
carbon.  The  furface  is  covered  with  a  fluid  pellicle  of  car* 
buret  of  iron,  which,  as  it  flows,  rears  itfclf  up  in  the  mod 
.delicate  folds :  at  firlt  the  fluid  metal  appears  like  a  deufe, 
ponderous  ilream,  but,  as  the  collateral  moulds  become 
filled,  it  exhi1)its  a  general  rapid  motion  from  the  furface  of 
the  pigs  to  the  centre  of  many  points;  millions  of  the  fineil 
'undulations  move  upon  each  mould,  difplaying  the  greaicll 
nicety  and  rapidity  of  movement,  conjoined  with  an  uncom- 
monly beautiful  \'arieiration  of  colour,  wliich  language  is  in- 
adequate jultly  to  dcfcribe.  Such  metal,  in  quauuty,  will 
femain  fluid  for  twenty  minutes  after  it  is  rim  from  the  fur* 
n.acc,  and  when  cold  will  have  its  furface  covered  with  the 
beautiful  carburet  of  iron,  already  mentioned,  of  an  uncnru- 
monly  rich  and  brilliant  ai)pearance.  When  the  furface  01 
tlic  metal  is  not  carbureted,  it  la  Gnooih  like  fo.fged  iron,  an.(i 

always 
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always  convex.  In  this  ftate  iron  is  too  rich  for  melting 
without  the  addition  of  coarle  metal,  and  is  unfit  to  be  ufed 
in  a  cupola  furnace  for  making  fine  caftings,  v.here  thinnef3 
and  a  good  (kin  are  requifile. 

No,  4,  or  oxygenated  crude  iron,  when  ifiiiing  from  the 
blad-furnace,  throws  oft'  from  all  parts  of  the  fluid  furf\ce  a 
Vaft  number  of  metallic  fparks  :  they  ariie  from  a  different 
caufe  than  that  exerted  in  the  former  inftance.  The  extreme 
privation  of  carbon  renders  the  metal  fubjeel  to  the  combina- 
tion of  oxygen  fo  foon  as  it  comes  into  contact  with  atmo- 
fpheric  air.  This  truth  is  evidently  manifefted  by  the  ejec- 
tion of  fmall  fpherules  of  iron  from  all  parts  of  the  furface : 
the  deflagration  does  not,  however,  take  place  till  the  globule 
has  been  thrown  two  or  three  feet  up  in  the  air;  it  then  in- 
flames and  feparates,  with  a  flight  hiflling  explofion,  into  a 
great  many  minute  particles  of  brilliant  fire.  When  thefe 
are  collected  they  prove  to  be  a  true  oxyde  of  iron,  but  fo 
much  faturatcd  with  oxygen  as  to  poflefs  no  magnetic  obe- 
dience. The  furface  of  oxygenated  iron,  when  running,  is 
covered  with  waving  flakes  of  an  obfcure  fmoky  flame,  ac- 
companied with  a  hiffing  noife ;  forming  a  wonderful  con- 
trafl:  with  the  fine  rich  covering  of  plumbago  in  the  other 
ftate  of  the  metal,  occafionally  parting  and  exhibiting  the 
iron  in  a  flate  of  the  greatetl  apparent  puritv,  agitated  in 
numberlefg  minute  fibres,  from  the  abundance  of  the  carbon 
united  with  the  metal. 

When  iron  thus  highly  oxygenated  comes  to  refl,  fmall 
-^  fpccks  of  oxyde  begin  to  appear  floating  upon  the  furface  i 
thefe  increafe  in  fize;  and  when  the  metal  has  become  folidj 
.  the  upper  furface  is  found  entirely  covered  with  a  fcale  of 
blue  oxyde  of  various  thicknelfes,  dependent  upon  the  ftage 
of  oxygenation  or  extreme  privation  of  carbon.  This  oxyde, 
in  common,  contains  about  i^  per  cent,  of  oxv""en,  and  is 
Very  obedient  to  the  magnet.  In  place  of  a  dark  blue  fmooth 
furface,  convex  and  richly  carbonated,  the  metal  will  exhibit 
a  deep,  rough,  concave  face,  which,  when  the  oxyde  is  re- 
moved, prefents  a  great  number  of  deep  pits.  This  iron  ia 
iufion  ftands  lefs  convex  than  carbonated  iron,  merely  be* 
caufe  it  is  lefs  fufceptible  of  a  ftate  of  extreme  divifion  ;  and 
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indeed  it  feems  a  principle  in  all  metallic  fluids,  that  they 
are  convex  in  proportion  to  the  quanlitv  of  carbon  with  which 
they  are  faturated.  This  iron  flo\\s  dead  and  ponderous,  and* 
rarely  parts  in  fliadcs  but  at  the  difiance  of  forne  inches  from 
each  other. 

This  is  a  flight  fkctch  of  the  appearance  of  the  two  ex- 
treme qualities  of  crude,  or  pig-iron,  when  in  a  Hate  of  fu- 
lion.  Accordinji;  to  the  divifion  formerlv  made,  there  ftill 
remains  two  intermediate  (lages  of  quality  to  be  defcribed  : 
thefe  are,  carbonated  and  carbo-oxygenated  iron;  that  is. 
No.  2  and  3  of  the  manufacturers.  Carbonated  iron  exhi- 
bits, like  No.  I,  a  beautiful  appearance  in  the  runner  and 
pig.  The  breakings  of  the  fluid,  in  general,  are  lefs  fine; 
the  agitation  lefs  delicate;  though  the  divifion  of  the  fluid  is 
equiil,  if  not  beyond  that  of  the  other.  When  the  internal 
ebullition  of  the  nietal  is  greatefl;,  the  undulating  fliades  are 
fmallell  and  moft  numerous  :  fometimes  they  afllmae  the 
ibape  of  fmall  fegments ;  fometimes  fibratcd  groups ;  and  at 
other  times  minute  circles,  of  a  mellower  colour  than  the 
ground  of  the  fluid.  The  furface  of  this  metal,  expofed  to 
external  air,  when  cooling  is  generally  flightly  convex,  and 
full  of  punciures  :  thefe,  in  iron  of  a  weak  and  fufible  nature, 
are  coauiionly  fmall  in  the  diameter,  and  of  no  great  depth. 
\\\  ftrong  metal,  the  punftures  are  much  wider  and  deeper. 
This  criterion,  however,  is  not  infallible,  when  pig-iron  of 
dirt'erent  works  is  taken  collectively.  At  each  individual 
work,  however,  that  iron  will  be  Itrongcft  whofe  honey- 
eojnbs  are  largell  and  decpeft. 

Carbo-oxygenated,  pr  No,  3,  pig-iron,  runs  fmoothlv, 
without  any  great  degree  of  ebullition  or  difcngagement  ot 
metallic  fparks.  The  partings  upon  its  furface  are  longer, 
and  at  greater  diftances  from  each  other  than  in  the  former 
varieties  ;  the  fliapc  thev  afl'ume  is  either  elliptical,  circular, 
or  curved.  In  cooling,  this  metal  acquires  a  confiderable  por- 
tion of  oxyde;  the  furface  is  neither  markedly  convex  nor 
concave;  the  punciures  arc  lefs,  and  frequently  vanifli  alto- 
gether- Their  abfence,  however,  is  no  token  of  a  fmooth 
face  fucceeding :  in  qualities  of  crude  iron  oxygenated  be- 
yond this,  I  have  already  mentioned  that  a  concave  furface 
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is  the  confcquencc  of  the  extreme  abfence  of  carbon ;  and 
that,  in  proportion  as  this  princ;j)Ie  is  abicnt,  the  furfacc  of 
the  iron  acijuircs  roughncfs  and  alpcrity. 

It  may  perhaps  be  projter  here  to  mention,  once  fur  all, 
that  although,  for  convenience,  the  manufaclurer  has,  from 
a  juft  ellimation  of  the  value  of  the  metal  in  a  fubfequent 
manufaolure,  affixed  certain  numbers  for  determinate  quali- 
ties of  iron,  vet  it  is  difiieult  to  fav  at  what  degree  of  fatu- 
ration  of  carbon  each  refpeciivc  term  commences :  fuffice 
it  then  to  fav,  that  the  two  alterative  principles,  oxygen  and 
carbon,  form  two  diftinft  clalVes,  that  in  which  oxygen  pre- 
dominates, and  that  in  whleli  carbon  predominates  ;  the 
latter  comprehends  No.  i  and  2  of  the  manufacturers,  the 
former  includes  oxygenated,  white  and  mottled ;  and  the 
equalifation  of  thefe  mixtures  form,  as  has  already  been  no- 
ticed, the  variety  of  carbo-oxygenated  crude  iron. 

I  (hall  now  obferve  fome  things  relative  to  the  various 
faces  which  crude  iron  affumes.  No.  i  and  2,  with  their 
intermediate  qualities,  polTefs  furfaces  more  or  lefs  convex, 
and  frequently  with  thin  blifters :  this  we  attribute  to  the 
prefence  of  carbon,  which  being  plentifully  interfperfed  be- 
twixt and  throughout  the  particles  of  the  metal,  the  ten- 
dency which  the  iron  has  to  flirink  in  cooling  is  entirely 
done  away ;  it  tends  to  diftend  the  aggregate  of  the  mafs, 
and  to  give  a  round  face,  by  gradually  elevatiiig  the  central 
parts  of  the  furface,  which  are  always  laft  to  lofe  their  flu- 
idity. 

Again,  that  quality  of  iron  known  by  the  name  of  No.  3, 
or  carbo-oxygenated,  is  moll  commonly  found  with  a  flat 
furface.  If  we  ftill  farther  trace  the  appearance  of  the  fur- 
face  of  pig-iron,  when  run  from  the  furnace,  we  fhall  find 
No.  4,  either  with  a  white  or  mottled  fra<iture,  poiiefled  of 
concave  faces  rough  and  deeply  pitted.  Beyond  this  it  may 
be  imagined  that  every  degree  of  further  oxygenation  would 
be  productive  of  a  furface  deeper  in  the  curve,  and  rougher, 
with  additional  afjierities.  The  contrary  is  the  cafe  :  when 
crude  iron  is  fo  tar  dcbafed  as  to  be  nm  from  the  furnace  in 
clotted  lumps  highly  oxygenated,  the  furface  of  the  pigs  is 
found  to  be  more  convex  than  that  of  1*^0. 1  iron;  but  then 
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the  fraclure  of  fuch  metal  prefents  an  impure  mafs  covered 
on  both  faces  with  a  mixture  of  oxydated  iron,  of  a  blueifli 
colour,  nearly  metallic.  In  (hort,  this  quality  of  iron  is  in- 
capable of  receiving  fuch  a  degree  of  fluidity  as  to  enable  us 
to  judge  whether  the  convexity  of  its  furface  is  peculiar  to  its 
ftatc,  or  is  owing  to  its  want  of  divifion  as  a  fluid,  whereby 
the  gradual  confolidation  of  the  metal  is  prevented. 

Thefe  features  fufficiently  diftinguifh  betwixt  the  various 
qualities  of  crude  iron  after  they  are  obtained  from  the  blaft- 
furnace :  there  are,  however,  criterions  not  lefs  infallible, 
whereby  we  can  prejudge  the  quality  of  the  metal  many 
hours  before  it  is  run  from  the  furnace.  Thefe  are  the  co- 
lour and  form  of  the  fcoria,  the  colour  of  the  vitrid  cmft 
upon  the  working  bars,  and  the  quantity  of  carburet  which 
is  attached  to  it.  The  variety  of  colour  and  form  in  the  cin- 
der almoll  itniverfally  indicate  the  quality  of  the  metal  on 
the  hearth.  Hence,  from  a  long  courfe  of  experience,  have 
arifen  the  following  denominations :  '*  Cinder  of  fulphury 
iron;"  ''  Cinder  of  No.  i.  No.  2,  and  No.  3  ;"  and  "  Cm- 
ider  of  ballaft  iron."  Although  at  different  works,  from  local 
circumftances,  the  fame  kind  of  fcoria  may  r^ot  indicate  pre- 
cifely  the  fame  qualitv  of  iron,  yet  the  difference  ia  fo  fmall 
that  the  fallowing  defcription  of  the  various  cinders  may 
convey  a  very  juft  idea  of  their  general  appearance. 

When  the  fcoria  is  of  a  whitifli  colour  and  fhort  form, 
branching  from  the  notch  of  the  dam,  and  emitting  from  its 
ftream  beautiful  fparks  of  ignited  carbon,  refembling  thofe 
ejected  from  a  crucible  of  caft  Heel  in  fufion,  expofed  to  ex- 
ternal air,  or  to  the  combuftion  of  fine  fteel  filings  in  a  white 
fiaine ;  if,  when  ifliiing  from  the  orifice  of  the  furnace,  it  is 
of  the  purefl  white  colour,  pofiqffing  no  tenacity,  but  in  a 
Hate  of  the  greatel't  fluid  divifion,  and,  when  cold,  refembles 
4  mafs  of  heavy  torrefied  fpar,  void  of  the  fmaileft  vitrid  ap- 
pearance, hard  and  durab  e,  it  is  then  certain  that  the  fur-\ 
pace  contains  fid  bury  iron,  i.  e.  fuper-carbonated  iron.  At 
blaft- furnaces,  where  a  great  quantity  of  air  is  thrown  in  fer 
minute,  fuper-carbonated  crude  iron  will  be  obtained  with  a, 
cinder  of  a  longer  form,  with  a  rough  flinty  fracture  tOr 
wards  tht;  outlide  of  the  colimm. 

That 
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That  cinder  which  indicalcs  tiie  prcfencc  of  carbonated 
iron  in  the  hearth  of  the  furnace,  forms  ilfelf  into  circular 
compa6l  (Ircanis,  which  become  confoUdated  and  inferted 
into  each  other;  thefc  are  in  length  from  three  to  nine  feet. 
Their  colour,  when  the  iron  approaches  the  firfl:  quality,  is  a 
beautiful  variegation  of  white  and  blue  enamel,  formiriir  a. 
wild  profufion  of  the  elements  of  every  known  figure ;  the 
blues  are  lighter  or  darker  according  to  the  quantity  of  the 
metal  and  the  a6lion  of  the  external  air  while  cooling.  When 
the  t|uality  of  the  pig-iron  is  fparingly  carbonated,  the  blue 
colour  is  lefs  vivid,  iei'§  delicate ;  and  the  external  furface 
rougher,  and  more  fullied  with  a  mixture  of  colour.  The 
fame  fcoria,  when  fufcd  in  vcHt'ls  which  are  allowed  to  cool 
gradually,  parts  with  ail  its  variety  of  light  and  fliade,  an(| 
becomes  of  a  yellowifli  colour,  fomctimes  nearly  white  whea 
the  quantity  of  incorporated  metal  has  been  fmall. 

The  cinder  which  is  emitted  from  the  blalUfurnace  when 
carbo-oxygenated  (or  No.  3,)  iron  is  produced,  affumes  a, 
long  zig-zag  form.  The  liream  is  (lightly  convex  in  the 
middle;  broad,  flat,  and  oblitjuely  furrowed  towards  the 
edges.  The  end  of  the  llream  frequently  rears  itfclf  into 
jiarrow  tapered  cones,  to  the  height  of  fix  or  ^ight  inches; 
thefe  are  generally  hollow  in  the  centre,  and  are  eafily  de-- 
jnolifhed,  owing  to  their  exceffive  briitlenefs.  The  colour 
/of  this  lava  is  very  various ;  for  the  molt  part  it  is  pale  yel- 
low mixed  with  green.  Its  tenacity  is  lb  great,  that  if,  while 
fluid,  a  fmall  iron  hook  is  infertcd  into  it  at  a  certain  decree 
of  heat,  and  then  drawn  from  it  with  a  quick  but  Heady 
motion,  20  to  30  yards  of  fine  glafs  thread  may  be  formed 
with.  eafe.  If  the  colours  are  vivid  and  variegated,  the  thread 
will  pollefs,  upon  a  minute  Icale,  all  the  various  tints  of  co- 
louring which  is  found  in  the  columnar  mafs.  When  by 
accident  a  quantity  of  this  lava  runs  back  upon  the  difcharrr- 
ing-pipe,  it  is  upon  the  return  of  tlie  blait  im|.elled  withfuch 
velocity  as  to  be  blown  into  minute  delicate  libres,  fmaller 
4.han  the  moll  ductile  wire;  at  firft  they  float  upon  the  air 
like  wool,  and  v.hen  at  reft  very  much  refemble  that  fub- 
Jlauce. 

The  prefence  of  oxygenated  crude  iron  (No.  4,)  on  the 

furnace- 
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fumace-hcarth,  is  indicated  by  the  lava  refolving  itfelf  into 
long  llreams,  fomctirnes  branched,  fomctinics  columnar, 
extending  from  the  notch  to  the  lowed  part  of  the  declivity  3 
here  it  commonly  forms  large,  flat,  hollow  cakes,  or  inclines 
to  form  conical  figures  :  thefe  arc,  however,  feldom  perfeclj 
for  the  quantity  of  fluid  lava,  conveyed  througli  the  centre  of 
the  column,  accumulates  fafter  than  the  external  fides  of  the 
cone  are  confol i dated  ;  and  thus,  when  the  flrutlure  is  only 
half  finifhed,  the  fmall  crater  vomits  forth  its  fuptrabundaut 
lava,  and  is  demoliflied.  The  current  of  fuch  lava  falls  hea- 
vily from  the  dam  as  if  furcharo;td  with  metal,  and  emit? 
dark  red  fparks  refembling  the  agitation  of  firaw  embers-. 
Its  colour  is  ftill  more  varied  than  the  former  defcriptions  of 
fcorise,  and  is  found  changing  its  lines  through  a  great  va- 
riety of  greens  Ihaded  with  browns.  Another  variety  of  fco- 
rla,  which  indicates  the  fame  quality  of  iron,  aflumes  a  fimU 
lar  form;  but  has  a  black  ground  colour  mixed  with  browns, 
or  is  entirely  black.  When  the  latter  colour  prevails,  the 
texture  of  the  cinder  becomes  porous ;  the  quantity  of  iron 
left  is  now  very  confiderable,  and  fuch  as  will  be  ealily  ex- 
trailed  in  the  afl'ay-furnace  with  proper  fluxes.  ,  In  cafes  o-f 
total  derangement  in  the  furnace,  the  fcoria  will  Itill  retain 
this  black  colour,  although  the  quantity  of  metal  may  amount 
to  25  per  cent.;  the  fraclure,  however,  becomes  denfc,  and 
its  fpecific  gravity  increafes  in  proportion  to  the  quantity  of 
metal  it  holds  incorporated. 

The  next  fource  of  information,  as  to  the  quality  of  the 
iron  in  the  furnace,  is  to  be  got  froiii  the  colour  of  the  fcoria 
v.pon  the  working  bars,  which  are  from  lime  to  time  inferted 
to  keep  the  furnace  free  from  lumps,  and  to  bring  forward 
the  fcoria.  When  fuper-carbonated  crude  iron  is  in  the 
hearth,  the  vitrid  cruft  upon  the  bars  will  be  of  a  black  co- 
lour and  fmooth  furface,  fully  covered  v.  ith  laTgc  and  bril- 
liant plates  of  plumbago. 

As  the  quality  of  the  metal  approaches  to  No.  2  (carbc^- 
p.ated),  the  carburet  upon  the  fcoria  decreafcs  both  in  point 
of  quantity  and  fize. 

When   carbo-oxygenated  iron  (Xo.  3)   is  in  the  furnace, 

the  working  bars  are   always   coated   with   a  lighter  co- 

0  loured 


Hints  for  the  Formation  of  a  Theory  of  the  Earth.       135 

loiircd  Tcoria  tliau  wlicn  the  former  varieties  cxift ;  a  fpeck 
of  plunihuffo  is  now  only  found  here  and  there,  and  that  of 
the  fniallelt  fizc.  When  the  quahty  of  the  metal  Is  oxy- 
genated (No.  4.),  not  only  have  the  plates  of  carburet  dif- 
appeared,  but  alfo  the  coally  colour  on  the  external  furface  of 
the  fcoria  ;  what  now  attaches  to  the  bars,  is  nearly  of  the, 
feme  nature  and  colour  as  the  lava  emitted  at  the  notch  of 
the  dam. 

Thefe  criterions  arc  infallible ;  for,  as  the  fufibility  or  car- 
bonation  of  the  metal  is  promoted  in  a  direft  ratio  to  tiie 
comparative  quantity  of  the  coally  principle  prefent  in  the 
furnace,  fo  in  the  fame  proportion  will  the  vitrid  crult 
encircling  the  working  bars  exhibit  the  prefencc  of  that 
principle  in  the  furnace. 


IV.  Agenda,  or  a  CoUe5ilo7i  of  Ohfcrvathns  and  Rtfearches, 
the  Ref lilts  of  \vhich  may  fer've  as  the  Foundation  jdr  a 
Theory  of  the  Earth.     By  M.  De  Saussure. 
[Continued  from  Page  29.] 

CHAP.     XXII. 

•    Errors  to  he  avoided  in  Obfervations  refpeSiing  Geology. 


I.    1  I] 


:IERE  are  fome  errors  into  which  people  may  readily 
fall  when  they  have  not  had  long  experience  in  any  given 
kind  of  obfervation,  and  againft  which  it  is  of  importance  to 
put  beginners  at  lead  on  their  guard. 

2.  One  may  be  readily  deceived  in  regard  to  the  relative 
diftances  of  remote  objects.  All  the  (tars  and  planets  appear 
to  be  at  an  equal  diltance  from  us.  Diftant  mountains  all 
appear  to  be  in  the  iame  plain.  Thus  thofe  which  are  fitu- 
ated  very  far  behind  the  refl;,  feem  to  form  one  body  with 
them ;  fo  that  people  believe  they  fee  continued  and  uninter- 
rupted chains  when  there  are  really  none^  and  where  the 
mountains,  on  the  contrary,  are  infulated. 
:  The  abfolute  dillancc  of  objects,  eve\i;  when  not  very  re- 
inotCj  is  equ:illy  difficult  to  be  afcertamcd  on  high  moun- 
'.  .  tains- 
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tains,  where  the  tranfparency  of  the  air,  and  the  abfcnce  of 
vapours,  deftroy  the  aiirlal  perfpective.  I  have  eften  ima- 
gined that  I  had  only  two  or  three  hundred  ileps  to  make  in 
order  to  reach  a  fummit,  the  diltance  of  which  from  me  was 
more  than  a  league  in  a  ft raight  hne. 

3.  There  arc  a  great  many  errors  in  regard  to  ftrata.  Their 
great  thicknefs  may  make  one  beheve  that  there  are  none 
where  they  really  exirt.  In  the  like  manner,  if  the  vertical 
jlrata,  or  thofe  only  very  much  inclined,  prefent  their  planes 
to  the  eye  of  the  obferver,  he  will  think  he  fees  (hapelcfs  and 
indivilible  maflcs ;  while,  if  their  fettlons  were  feen,  their 
divifions  would  readily  be  diftinguiflied.  A  mountain  then 
muft  be  feen  under  afpedls  that  interfeft  each  other  at  right 
angles  beiijre  we  can  pronounce  that  it  is  not  divided  by 
Itrata. 

4.  At  other  times  accidental  fiffures,  but  produced  how- 
ever by  a  caufe  which  is  common  to  them,  exhibit  the  ap- 
pearance of  ftrata  when  there  are  nonej  or  when,  if  there 
are,  their  fituation  is  very  different  from  that  of  thofe  ftrata. 
It  is  the  internal  tiffue  of  the  fione  only  which  in  many  cafes 
can  determine  whether  the  divifions  obferved  arc  the  interfticea 
between  ftrata  or  mere  fifllires ;  becaufe  the  ftrata  are  con- 
ftanily  parallel  to  the  internal  laminae,  or  fchiftous  texture  of 
the  ftonc.  Cryftals,  the  lamellatcd  texture  of  which  may 
fometimes  be  confounded  with  a  fchiftous  texture,  may  af- 
ford an  exception  to  this  rule,  by  prefentjng  laminae  pcTpcn- 
dicular  to  the  planes  of  the  ftrata ;  but  it  is  not  difficult  to 
diftinguifti  them. 

5.  One  may  alfo  form  an  erroneous  opinion  rcfpe«?ting 
the  dircftion  of  a  mountain,  or  of  its  ftrata,  when  the  eye  is 
not  fituated  in  their  prolongation,  or  at  leaft  near  it. 

6.  The  apparent  fituation  of  the  ftrata  may  alfo  lead  into 
an  error.  They  appear  horizouL.^l  even  ^^hen  they  are  very 
much  inclined,  and  when  they  are  not  {^iin  but  in  a  feclion 
formed  by  a  plane  parallel  to  the  common  feclion  of  their 
planes  with  the  horizon.  It  is  imponiblc  to  judge  of  their 
inclination,  and  to  meafure  it  with  certainty,  but  on  a  fec- 
tlon  perpendicular  to  the  common  fc6tian,  which  I  have  juft 

mentioned. 
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f).  A.  The  greatefl  error,  lunvcvcr,  is  that  which  may 
tic  committed  in  regard  to  the  fviper-pofition  of  llrata,  I 
have  often  fecn  novices  in  the  ftudy  of  mountains  believe 
that  one  flratum  repoled  on  another;  one  of  granite,  for  ex- 
ample, on  one  of  Hate ;  becaufe  they  found  flate  at  the  bot- 
tom of  tire  mountain,  and  granite  at  the  top ;  while  the  flate 
was  only  laid  againft  the  bafe  of  the  mountain,  and  the  granite, 
on  the  other  hand,  was  funk  in  the  earth  far  below  the  flate. 
We  muft  not  then  fay,  that  a  ftratum  is  fituatcd  hclow  an- 
other, but  when  we  really  fee  it  extending  itfclf  below  it. 

7.  And  even  when  w;c  diftinftly  fee  a  rock  placed  above 
another,  we  muft  examine  whether  that  which  is  uppcrm.ofi 
docs  not  occupy  that  filuation  accidentally ;  whether  it  has 
not  (lipped,  or  rolled  down,  from  a  more  elevated  mountain  ; 
and.  in  the  lad  place,  though  they  may  be  clofcly  connefted. 
one  mufl  examine  whether  their  prcfent  fituation  is  really 
the  fame  in  which  they  were  formed,  and  whether  they  have 
not  been  reverfcd,  and  united  accidentally  in  a  fituation  con- 
trary to  that  of  their  original  formation. 

8.  One  is  frequently  deceived,  alfo,  in  regard  to  the  nature 
of  (lones  and  of  mountains.  Though  a  well-accuftomcd  eye 
may  often  judge  at  fomc,  and  even  a  confidcrable  diftance,  of 
the  kind  of  Hone  of  which  a  mountain  is  compofcd,  fucli 
judgment  is  however  often  erroneous  :  mountains  of  granite, 
or  gne'ifs,  tender  and  dcftruftible,  often  alTume,  at  a  diftance, 
the  round  form  of  fccondary  mountains;  fometimes,  alfo, 
mountains  of  calcareous  (lone,  hard  of  their  kind,  and  in 
Itrata  either  vertical  or  very  much  inclined,  prcfcnt  the  bold 
forms,  the  peaks,  and  fliarp-angled  indentations  of  the  gra- 
nite fummrts. 

9.  People  are  often  deceived  even  on  a  near  view.  A  ftone 
may  have  a  foreign  covering  of  mica,  for  example,  while  the 
interior  part  is  of  a  very  different  nature. 

10.  Eifervcfccncc  with  the  nitrous  acid  is  commonly  con- 
fidercd  as  a  certain  charadter  of  calcareous  flone;  but  thi~ 
characler  may  be  deceptive,  fince  bdrytcs  and  magnefia  ef- 
icrvefce  alfo*:  and  we  mult  not  coufider  it  enough  to  touch 

"  And,  on  the  other  hand,  there  avc  calcareous  ftones  v/hich  do  r.o- 
(ff-vvtice. 
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.a  ftonc  witli  the  nitrous  acid,  or  to  let  fall  a  drop  of  the  acl<f 
on  its  furface,  lince  the  abforbing  earth,  whatever  it  is,  may 
be  only  diiicniinatcd  between  argillaceous  or  filiceous  parti- 
cles. We  mull  therefore  immerfe  a  fragment  of  the  ftonc 
in  a  qaanlity  of  the  acrd  uiflicient  to  diflTolve  it  entirely,  if  it 
be  wholly  fofublc,  ancT  obferve  whether  there  remains  any 
refiduum  that  withltands  folution. 

J I .  The  aclion  of  the  air  and  of  meteors  often  gives  foflii> 
itppcaranecs  ablblutelv  difiercnt  from  thofe  which  (hey  had 
Lefbre  they  were  fubjected  to  it.  We  muft  not  then  be  fatif^ 
fled  with  a  fuporficlal  examination  r  we  mull  found  the  rogks- 
to  the  quick  where  the  acuon  of  m^itecric  agents  hag  not  pe- 
netrated. 

I X.  People  are  often  deceived,  alTo,  in  confTden'ng  compound 
ftoncs  as  fiinple  ftones,  when  the  compolitlon  of  them  docs  not. 
fuanifeft  itfclf  on  the  firfi:  view,  either  on  account  of  the  fmall- 
ncfa  of  their  conipofing  parts,  or  becaufc  fome  of  thefe  parts 
are  each  rriclofed  feparately  in  a  covering  which  conceals  the 
interior  of  them.  Oue  m.Tj-  jjuard  againft  this  error  by  ob- 
jerving  the  f(;fiil  in  the  fun  with  flrong  magnifying  glafles, 
after  haviilg  moillcnecl  its  furface  with  water  or  the  nitrous 
acid,  and  ft  ill  better  by  expoling  it  grad'aalfy  to  the  fTame  of 
the  blow-pipe. 

[3,  Peopfe  are  often  deceived  in  regard  to  cryftallifation, 
either  In  flie  true  form  of  the  cryflals,  or,  above  all,  in  taking 
for  real  cryflaTs  paralite  eryltala,  orfach  as  have  been  formed 
in  the  moulds  made  by  cryftals  of  another  kind.  Thus  we 
fee  crvftals  of  (piartz,  petro-iilex,  andjafper,  foimcd  in  the- 
liioiiids  made  by  calcareous  cryiVal?,  and  which  liave  alTunicii 
the  form  of  the  latter. 

\.\..  In  re^'ard  to  errors  occr.ficned  by  ignorance  of  the 
diuinciive  cl>?.rafter>  of  folills,  and  of  the  names  proper  for 
them,  the  only  means  of  avoiding  fuch  errors  is  to  ftudy  with 
care  ir<T)-d  authors  ;  and,  ftb^jve  a)f,  colle6lion?  formed,  or  at 
leait  arranged  and  titled^  bj-  able  miik:ralogifts. 

1 T.  Hut  when  the  flightefl  doubt  is  entertained  In  regard 
\6  the  deiTomiTiatio'51  which  ought  to  be  give'n  fo  a:iv  fonir, 
an  exact  defcription  mnfl  be  made  either  of  its  external  eha- 
T^Quixi  or  ils  inoft  llriking  phyfical  propcrlicSj  fuch  as  weight 
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^p.J  folubllity  *.  If  this  dcfcriprion  is  well  dra'.vn  up,  tiuc 
error  refpe6ling  tiic  name  may  be  rectified,  aad  the  oblf^rva- 
liou  will  not  be  loft,  as  it  would  be  were  t'n-erc  any  reafon  to 
fi'J,"j)c6>:  the  juflncf^  of  tlu^^'^nominationj  and  no  means  cf  cor* 
rceting  it  by  a  defcripiion  f. 

1 6.  When  the  characters  of  a  fofiil  give  it  fuch  a  likcncfs 
to  another  that  it  is  found  near  the  linats  whicii  fcparate  the 
genera  or  fpedos  of  thefe  two  fodils,  we  nuift  follow  the  ex- 
ample of  Werner  and  his  difciples,  by  markiug  that  this  UA- 
fil  is  intermediarv,  or  forms  a  traniitlon  fix)'.n  the  one  fpecies 
to  the  other.  For  if  we  fliould  afcribe  it  exclufivcU"  lo  tiic 
gemis  A,  without  noting  tiie  charat^^ers  which  bring  it  nenr 
to  the  genus  B,  another  obferver,  on  feeing  the  fame  foiliJ^ 
might  refer  it  to  the  genus  E,  and  no  one  could  know  which 
of  them  w  as  deceived, 

17.  People  are  often  deceived  alfo  by  mixing  opinion  witn 
obfervatioii,  and  giving  the  former  for  the  latter;  as  when 
people  alVcrt,  that  they  have  feen  veftiges  of  extinguifticd  voU 
•canoes,  becaufe  they  have  feen  black  or  porous  ftones,  or 
itoncs  of  a  prifmalic  form,  without  deigning  to  defcribe  theia 
with  care,  but  by  qualifying  them  merely  as  lava  or  bafalt.s^ 

18.  In  the  laft  place,  a  very  frequent  fource  of  error  is,  too 
great  a  confidence  in  the  fidelity  of  one's  memory,  or  in  the 
jullnefs  of  one's  firft  obfervations.  Thefe  two  kinds  of  con- 
fidence go  often  hand  in  hand ;  and  people  cannot  guard 
againft  the  errors,  whicli  are  the  confequence  of  tljem,  but 
by  noting  down,  on  the  fpot,  all  obfervations  to  wliich  any 
importance  is  attached,  efpecially  if  they  are  a  little  comj)lex', 
and  carry  away  fpccimcns,  with  their  characters  carefulir 
marked  upon  tlicui,  of  tlie  objects  that  are  the  fubjcct  pi 

'    llardiicfs,  rcfrangibility,  electricity,  &:c.     H. 

+  A  jjcrfop.  HOW  dead,  who  in  lis  time  was  confidcrcd  as  a  miucraro- 
gift,  vrotc  to  me  that  he  had  fouiu'  marine  fficlis  in  gratiite.  I  bcirgiJci 
I.im  10  give  inc  an  cxaCt  dcfcription  of  tlie  (tone  which  he  called  ^ni./.v, 
Hedidfo;  byt  Iperccivcd  that  ihcl^.O!\c  was  afrcc-ltont  or  fand-ftoncatid 
the  fpccimcns  he  mftcrwards  fent  ire  proved  that  I  was  not  deceived.  Wc 
may  here  rccnlleit  Rc'Ciipcro's  pyrites  of  iEcna.  The  errors  of  this  kiiiJ, 
arifing  fro'ii  falfc  denominations,  are  ii,r,'jmcrable  ;  for  au  cxa<ft  knon-- 
Icdgf  of  minora!  fubfij'iccs  i;  niurc  diflicuit  to  be  (.brained,  3iid  more  rjr'(?, 
tJ;*;"  i' generally  ir.r.ijjincd.— Note  of  the  A^'^iIOR.    . 

T  5  thcfc 
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thefe  obfervations ;  for  it  is  not  fpccimens  of  rare  objCi?ts 
merely  that  fliould  be  collecled.  The  end,  indeed,  of  thq 
geological  obferver  is,  not  to  form  a  cabinet  of  curiofities, 
but  he  mufl  carry  away  fragments  *of  things  apparently  the 
moft  commonj  when  an  exact  determination  of  their  nature 
may  be  interefting  to  theory.  People  may  thus  employ^  with 
advantage,  the  means  of  confirming  or  rc(9:ifving  their  firil 
obfcrv-ations,  and  of  making  profound  refcarches  and  compa- 
rifous  impofliblc  to  be  made  on  the  fpot  *. 
[To  be  contiiiutd.] 


V.    Ohfer'jations  en  Armnal  Ele&ricity,  and  pnrf'icitlarly  that 
called  Spontaneous.     jBv  J.  J.  Hkm-MER. 

[Concluded  from  Page  7.] 
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N  a  letter,  dated  June  21,  1787,  whicii  I  received  from 
M.  De  SaulTure,  he  confeifes  that  he  had  not  made  any  far- 
ther experiments  on  animal  ele6tricity ;  and  that  he  did  not 
know  whether  any  had  been  made  by  others.  As  I  was 
convinced,  however,  that  a  complete  knowledge  ot  that  elec- 
tricity which  is  produced  in  the  human  body  by  the  fri6tion 
of  the  clothes,  as  well  as  fpontaneoufly,  might  be  of  great    , 

■*  Wc  think  it  our  duty  to  fubjoin  liere  feme  advice  to  travellers  in 
regard  to  the  qucftions  which  they  may  afit  in  the  different  towns. 

Whence  do  they  procure  the  materials  proper  for  building  j   fuch  as 
lime,  plafter,  tiles,  flatc,   ftoncs  of  different  kinds,  and  fand  .'     Do  they     | 
burn  turf  or  coal  j  and  where  are  they  found?    Where  do  they  procure     ■ 
their  potter's  clay,  fuller's  earth,  the  chy  ufed  for  refining  fugar,  their 
■".vhetltones  and  millftones  ?    To  obferve  with  what   the   ftreets  are  paved  ;     ( 
of  what  ftonc  the  flcps  of  ftairs  aie  formed;   marks  for  boundaries,  &c.;     i 
and  to  learn  from  what  plice  they  are  brought.     To  afcertain  whether 
■*ells  or  the   t'oundation  of  houfes  are  dug;  and  whether  there  are  in  the    i 
j>€ighbuurhood  any   lavines  or  precipices.     Thefe  queltions  will  ferve  to     '• 
facilitate  tne   means  of  obferving  ihe  nature  of  the  ground,  by  pointirg    ' 
out  the  natural  or  artincial  excavations  that  may  exift  in  ihc  neighbour-    ! 
hcod,  or  which  ought  to  be  v>ifited.     For  the  fame  reafon  it  is  proper  to 
examine  the  fliores  of  rivers,     Jt  will  be  of  ufe  alfo  to  tike  a  general  view    j 
of  the  country  from  the  tops  of  towers  and  of  the  higheft  ftceplc:.     It  will'   | 
be  or  forne  importance  alfo  to  enquire,  in  the  country,  whetlicr  the  inha-    i 
hitanu  make  ufe  of  lime,  marl,  plafter,  coal,  earth,  or  turf- allies,  for  ma-    I 
r.urii»g  tbciii  Und,  and  frc:ii  v.hat  places  llr.fe  fubfLiifces  arc  procured.    C,    , 

uliihv   ' 
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linlitv  both  to  the  fcicncc  of  elcAritlty  in  general,  and  par- 
tifularlv  to  medical  clcMricity,  I  rclolvcd  to  make  rcTcarcliCii 
on  this  fuhjcA  by  means  ot"  expcrinicat.s.  The  method  I 
employed  was  as  follows  : — In  order  that  I  mi<:lu  examine 
tile  elertrieity  of  my  own  body,  I  infuUited  niyfelf  on  a  board 
which  ftood  on  glafs  feet.  I  then  touched,  for  a  determined 
time,  (at  firft  commonly  half  a  minute,  afterwards  onlv  a 
moment,)  the  plate  of  my  condenfer,  which  I  have  defcribed 
in  another  place*;  I  then  applied  the  concFenfer  to  a  Caval- 
lo's  jiighly  fenfible  eled-lromcter,  as  improved  bv  M.  De 
Saufl'ure,  and,  by  means  of  a  glafs  tube  rubbed  with  a  piece 
of  woollen  cloth,  examined  the  kind  of  ele6tricitv  when  an- 
nounced by  the  diverging  threads.  The  electricity  of  the 
plate  of  the  condenfer  or  ele^.'-lrometer,  which  eorrefponded 
with  that  of  the  body,  I  marked  with  +  when  pofitive,  with 
—  when  ne<rati\  e,  and  with  o  when  none  was  prefent.  1 
made  niv  experiments  on  tlie  2i(t  of  Fcbraary  1786;  and 
lincc  that  period  have  repeated  them,  not  only  on  myfelf,  but 
on  other  perfons,  both  male  and  female,  of  various  ages  and 
didcrent  conftituiions,  when  they  were  in  motion,  or  at  rell; 
drelled  and  undrcilcd;  when  tired,  and  in  good  fpirits;  hot  or 
cold  ;  fading  or  full ;  fleeping  or  awake ;  at  different  tempe- 
raUues  of  tlie  vvcather  and  of  the  apartment,  Sec. 

Hi  jails  of  the  Rxpcrhneuis. 

1.  Animal  clo6lricity  is  common  to  ail  men;  for,  as  I 
^umd  it,  in  the  courfc  of  my  experiments,  on  thirty  perfon.* 
of  both  fexcs  and  all  ages,  and  of  every  hai)it  ofbotly,  I  c.;u 
with  jufiicc  conclude  on  its  being  general. 
'  2.  Animal  elc6lrieity  is  difierent  in  difi(:rcnt  men,  at  the 
f.mie  place  and  at  the  fame  time;  not  only  in  ftrcngth,  bu.t 
alfo  in  the  kind;  ijcing  in  many  weak,  and  others  (irongj  in 
fome  politive,  and  in  ibmc  negative. 

3.  This  dilTerence  of  eleftricity  is  oft^n  obferved  in  dif- 
ferent perfons,  when,  bcUdcs  time  and  place,  the  other  cir- 
Liinidance-  appear  to  be  all  eqi.ial. 

4.  The  rjrenglh  and  kind  of  this  electricity  are  often  dif- 

♦   See  Gn-;->  jc;.r;;fl/^#/'PM//,  ^'o'.  II.  Tart  II    p.  ;i-. 
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ferent ;  not  only  in  different  men,  but  alfo  in  the  fame  per- 
fion.  In  242Z  experiments,  11:1  which  I  examined  my  own 
elc(Llricityj  I  fomid  it  iZjZ  times  pofitive,  771  times  nega-_ 
tivc,  and  399  times  o.  The  cleclricity  of  ray  maid,  in  94 
experiments,  was,  on  the  other  hand^  19  times  pofitive,  33 
times  negative,  and  42  time*  o. 

5.  It  often  happens,  that,  during  the  experiment,  the  elec- 
tricity changes ;  that  i^,  from  potitive  to  negative,  or  from 
(trongcr  pofitive  to  weaker,  and  at  laft  becomes  o.  It  then 
palfcs  from  the  laft  to  v.cak  negative,  and  gradually  to 
ftrongcr. 

6.  It  happens  alfo,  not  iinfrequcntly,  that  the  electricity, 
at  the  commencement  of  the  experiment,  is  flrongly  pofitive 
or  negative,  but  pafl'cs  afterwards  to  the  oppofite  kind  with 
the  like  force,  which  continues  for  aconfiderable  time. 

7.  Notwithftanding  this  wonderful  and  almoft  continual 
alternation,  animal  elc6'tricity  appears  to  be  naturally  pofi- 
tive. As  the  eleftric  matter  is  diffufed  throughout  all  na- 
ture, and  adheres,  in  a  fixed  form,  to  no  body,  all  the  arti- 
cles of  our  nouriflimcut  contain  each  their  fliare  of  it.  The 
ele6lric  fluid  is  difcngaged,  and  diffufed  with  the  blood  and 
juices  through  the  body  ;  from  which  it  is  conveyed  off,  after 
being  accumulated  in  it,  by  the  pores  of  the  fkin  and  other 
duels,  when  there  is  no  interruption  in  them.  This  is  con- 
firmed by  experience;  for  when  animal  cleclricity  is  exa- 
mined in  a  body  cxpofcd  to  no  violent  exertions,  as  when  a 
perfon  fits  or  repofes,  and  when  there  is  confequently  no  great 
lofs  of  heat,  it  is  commonly  pofitive.  Thus  thq  ele6liicity  of 
my  bodv,  which  I  examined  while  filling  at  reft,  when  thy 
natural  heat  of  ciic  body  was  not  difturbed,  appeared,  in  '^t^z 
txperimcnts  pofitive,  in  14  negative,  and  in  10  was  o. 

8.  When  animal  ele6lncitv,  therefore,  is  o,  or  negative, 
the  body  mud  be  in  an  unnatural  itate  (/iaiu  -violcntoj. 

9.  Cold  changes  natural  or  pofitive  animal  tlcclricity  into 
tlic  oppofite  kind,  or  at  leafl:  leffens  it.  In  60  experiment^ 
I  made  on  niyfclf  after  coming  fr<Mn  a  cold  air,  the  tempc-^ 
mature  of  which  was  at  tiic  freezing  point  or  below  it,  my 
elcftricity  was  38  times  negative,  7  times  o,  and  15  times 
L'^iiiivC;  the  laft  being  not  unfrequcntly  Vvxak,     I  had  ofiea 


Ohfefvations  on  Aniynal  Ele£tncUy.  14J 

ail  opportunltv  of  obferving  the  pleafant  phenomenon,  that 
the  negative  eleclricity  arlfing  from  cold,  after  pulUngoflfa 
cold  and  putting  on  a  warm  coat,  was  fpeedily  converted  into 
pofitive,  or  the  degrees  next  to  it.  When  the  thermometer 
ftood  feveral  degrees  above  the  freezing  point,  and  a  fome- 
what  cold  wind  prevailed,  the  latter  was  fufficient  to  produce 
negative  or  o  eleclricitv,  as  I  experienced  four  times.  Of 
13  times,  while  I  fat  lightly  clothed  in  a  warm  apartment, 
the  electricity  was  8  times  o,  thrice  —  ,  and  twice  weakly  +  . 
Nay,  when  I  clothed  myfelf  well,  and  remained  any  time  at 
a  cooler  part  of  the  room,  fuch  as  the  open  door  or  window. 
I  found  the  eleftricity  either  negative  or  weakly  pofitive.  For 
producing  this  effeft,  it  is  in  general  fufficient  if  a  part  onlv 
of  the  warm  body  be  expofed  to  cold.  \V^hen  the  eleclricity 
was  commonly  +,  while  I  fat  at  pcrfeft  reft,  on  my  ufual 
chair,  I  oftentimes  remarked  that-  it  was  perceptibly  nega- 
tive if  my  feet  were  extremely  cold,  v/ithout  being  able  to 
aOign  any  other  caufe  for  this  phenomenon.  It  is,  how- 
ever, fully  proved  by  the  following  circumftance :  During 
23  times  that  I  wailied  my  hands  and  face  with  cold  water, 
the  ele6lricity  was  onlv  15  times  perceptibly  +,  8  times  — , 
thrice  0,  and  7  times  weakly  + ;  though  a  moment  before, 
or  after,  it  was,  for  the  moft  part,  ftrongly  + . 

That  cold  impedes  pofitive  electricity,  or  makes  it  lefs  and 
reduces  it  to  o,  may  be  eafilv  comprehended ;  Hecaufe  cold 
caufes  every  thing  to  contract,  leirens  the  pores  of  animal 
bodies,  and,  by  thefe  means,  obftrufts  the  efcapeof  the  elec- 
tric matter.  That  it,  however,  converts  this  eleftricity  into 
negative,  or  gives  to  the  external  part  of  animal  bodies  the 
property  of  extrafting  from  other  bodies,  when  in  contact 
\^  ith  them,  a  part  of  tlieir  natural  electricity,  is  not  eafv  to  be 
explained ;  for,  in  order  to  do  fo,  they  muft  themfelves  have 
fullained  a  lofs  of  their  natural  quantity  of  eledlricity.  But 
when,  by  the  contraction  of  the  pores,  they  receive  no  more 
of  the  eleClric  matter  from  the  interior  parts  of  the  bod^•, 
they  muft,  in  order  that  the  equilibrium  be  kept  up,  not  fuf- 
tain  any  h)fs  of  it.  This  lofs  is  either  real  or  apparent.  The 
former  can  fcarccly  be  ailertcd,  as  there  are  not  fufficient 
grounds  for  fuch  an  idea.  For  if  it  be  faid  that  the  eleClric 
4  matter 
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matter  naturally  contained  in  the  external  part  of  tb.c  bou/, 
is  expelled  bv  that  accumulated  more  and  more  in  the  interior 
parts,  on  account  of  the  cold,  and  which  thereby  acquires  a 
llronger  repulfivc  power,  it  is  of  no  weight;  fincc  this  power 
u'ould  prevent  the  plate  of  the  condcufer  from  giving  up  any  of 
its  natural  electricity  to  the  finder  wlicn  applied  to  it.  There 
is  more  reafon,  therefore,  to  aifcrt  the  latter,  viz.  that  this 
want  is  only  apparent;  that  is,  that  the  eleCkric  fluid,  which 
the  external  parts  of  the  body  naturally  poflefs,  is  not  expelled 
by  the  etTecis  of  cold,  but  fixed,  or  fo  faft  united  Aith  the 
part.-;  iu  which  it  is  eontaiued,  that  it  lofes  all  movement', 
and  olves  no  indications  of  its  prcfence.  This  kind  of  union 
is  not  uncommon  iu  nature  :  it  takes  place  in  regard  to  the 
particles  of  lire,  whieh  prodiice  heal ;  when  moift  bodies 
evaporate,  or  when  fait  is  mixed  with  ice. 

10.  Latitude  impedes  alfo  the  pofitivc  animal  eleilricity,  or 
changes  it  into  the  oppofitc.  During  i6  times  that  I  walked 
backwards  and  forwards  in  my  apartment,  or  was  otherwife 
employed,  the  temperature  of  the  weather  being  lo,  12,  14, 
and  more  degrees  of  heat,  and  no  cold  wind  prevailing  at 
the  time,  I  found  the  electricity  only  once  weakly  +,  five 
times  o,  and  ten  limes  — .  In  ■^i  experiments,  when  (land- 
injT  at  reft,  the  elei-,lricity.was  30  times  o,  and  twice  weakly  4- . 
iu  27  experiments,  while  I  fat  at  refi,  it  was  always  Itrong- 
ly  4-  ;  and  in  i\\c  experiments,  while  walking  at  a  moderate 
pice,  it  was  perceptibly  4-.  I  found-thc  cafe  lo  be  the  fanie 
oa  my  fervant  and  another  young  man. 

I  will  not,  however,  fay  that  the  electricity,  when  the  body 
is  in.  a  ftatc  of  red,  always  ceafcs,  or  is  changed  from  pofitivc. 
M;my  times  the  firength  of  the  body  is  greater  than  to  allow 
«f  its  being  exhaufied  by  fatigue,  as  1  iiave  more  ihun  once 
experienced. 

11.  By  rubbina:  a  part  of  the  body,  pofitivc  electricity  ii 
not  impeded.  The  rubbing  may  be  performed  with  lincu 
or  woollen. 

12.  Sudden,  fpecdy,  and  violent  motion  can  change  every 
Vind  of  animal  clcflricily  into  the  oppofitc.  A  luminous  and 
bv-'autifi-l  appearance  was  occafioned  when  I.  inclined  and 
railed  mv  bouv  riuUlcidv  in  lurn*.  and  threw  uuwarJj  auicklv 
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and  with  a  certain  degree  of  violence,  fomelinies  my  arms 
and  fometimes  my  legs.  Under  thefe  circuraftanccs  the 
cleclricity  was  thrice  changed  from  —  to +,  and  1 5  times 
from  o,  or  weak  +,  to  — .  On  my  fervant,  under  the  fame 
circumftances,  it  was  eight  times  changed  from  +  to — ; 
and  on  my  maid  five  times  from  —  to  +  . 

13.  Every  other  motion  of  the  body,  not  conneiSled  with  fuch 
violence,  or  with  uncommon  agitation  of  the  limbs,  w^hen  it 
does  not  produce  much  fatigue,  does  not  impede  pofitive  ani- 
mal clc6^ricitv. 

14.  Such  motion  is  no  impediment  alfo  to  negative  animal 
eleftricity. 

15.  After  noon,  or  dinner-tirne,  aninial  ele<3:ricity  is  not 
greater  than  common.. 

16.  The  ufe  of  coffee  makrs  no  change  in  animal  ele(?lricity, 

17.  Continual  ftraining  of  the  thoughts  is  not  only  favour- 
able to  pofitive  animal  electricity,  but  incrcafes  it  ia  an  un-,- 
common  degree. 

18.  Animal  eleclricily  is  impeded  by  perfpiraticn. 

19.  Animal  eleelricity  is  flronger  in  winter  than  in  fummer, 

20.  Repofe  at  noon,  or  any  other  Ihort  fleep  when  fitting  in 
the  day-time,  does  not  difturb  pofitive  animal  eleclricity. 

31.  The  breath  does  not  conduct  animal  eleiSlricitv  in  a 
perceptible  manner.  I  breathed  on  the  cover  of  the  condenfer 
in  variou6  places,  but  I  never  found  the  lead  traces  of  elec- 
tricity. The  eleftricity,  in  all  probabilitv,  was  difperfed  too 
tpeedily,  or  was  too  fubtile  to  be  perceptible. 

22.  Bodily  motion  is  by  no  means  neceffaiy  for  producing 
animal  eleclricity; 

23.  Neither  does  it  depend  on  the  movement  occafionecj 
by  refpi ration. 

24.  Animal  eleftriclty  arifes  alfo  without  fri^lion  of  the 
clothes.  My  experiments  leave  no  doubt  on  this  fubjecl;  as 
I  found  the  eleclricity  on  my  own  body  lively  and  durable  fop 
half  an  hour,  or  an  hour,  wh^n  I  had  on  no  clothes.  I  da 
not  fay,  however,  that  the  friction  of  the  clothes  does  not 
increafe  it. 

25.  Animal  elc(ftricitv  is  excited  without  any  friction  of  the 
fxternxl  parts  of  the  bodv. 

26.  There  is  alfo  a  fpontaneous  kind  of  animal  eleiStricitVi, 
\'0L,  V.  U  VI.  ok 
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VI.  Obfcrvations  on  Vot-njjy  ;  hc'mg  an  Inquiry  ho'W  far  the 
mifchievous  RffeEls  of  Septic  Acid  are  rcjirained  by  Pot-aJJj 
and  other  Alkalies,  particularly  in  refpeSi  to  the  ILffeds 
of  Septite  of  Pot-ajh  (Nitre  or  Saltpetre)  upon  A/iimal 
Fief}}  intended  to  he  eaten,  and  upon  the  Human  Stomach  j 
in  a  "Letter  from  Dr.  Mitchill  to  Dr.  Priejlley,  dated 
Flandome,   May  4,  1799-      Co>nmunicated  by  Dr.  MiT- 

CHILL. 
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N  a  former  occafion  (2  Medical  Repofitory,  p.  236  et 
fq.)  an  attempt  was  made  to  flievv  that  the  feptic  acid,  which 
is  formed  in  certain  putrefa6live  procefles,  was  materially  dif- 
ferent in  its  conftitution  and  qualities  from  the  nitrous  acid 
obtained  by  didillation  from  fajtpetre.  Since  the  compofi- 
tion  of  that  piece,  I  have  obferved  that  Juncker,  in  his  view 
of  thedo6lrinesof  Beccher  and  Stahl,  (2  Confpcftiis  Chimie, 
p.  280,)  is  of  the  fame  opinion,  declaringf,  that  in  whatever 
manner  the  work  of  feparating  it  from  the  putrefcent  or 
other  bodies  with  which  it  was  naturally  mingled,  was  un- 
dertaken, "  ne  micula  tamen  acidi  nitrofi  pure  fiftitur,"  not 
a  particle  of  pure  nitrous  acid  cmt  he  obtained.  And  he  warns 
his  reader,  that  in  the  obfcrvations  which  he  ofiers  he  means 
xhdXJpirit  of  nitre  only  which  is  liberated  from  its  connec- 
tion with  an  alkaline  fait.  On  thts  native  feptic  acid,  which 
is,  as  he  allows,  furnifhed  fo  largely  by  the  animal  kingdom, 
(p.  277,)  and  is  by  far  the  moft  a6live  and  interfiling  form 
of  oxygenated  feplon,  Juncker,  like  moft  other  writers,  has 
laid  fcarcely  any  thing  at  all. 

The  highly  de'lruftive  effefts  of  this  offspring  of  putrefac- 
tion have  been  pointed  out  in  detail  in  a  former  effay  (i  Me- 
dical Repofitory,  p.  39,  40),  in  which  it  was  obferved  that 
certain  fubrtanccs,  and  amoi>g  others  pot-afh  in  particular, 
pofTefTed  a  power  to  reftrain  and  curb  its  ferocity.  The  neu- 
tral fait,  formed  by  the  union  of  this  peflilenlial  acid  with 
the  fixed  alkali,  is  the  faltpetre  or  nitre  of  the  fliops  and  of 
commerce.  Concerning  the  medicinal  and  economical  qua- 
lities of  this  fubfiance,  it  is  manifefl  to  me  that  there  are 
many  miftakes  yet  prevalent :  and  they  appear  to  be  worthy 
of  bcinir  pointed  oiU  and  gorredted, 
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Thcfcptiteof  pot-afh  has  been  denominated  a  fait  of  many 
Excellent  qualities,  2i  fal  polvcbrejius;  and  a  great  phyfician 
t'lice  wifheJ,  for  the  good  of  his  profclfion,  there  could  be 
found  one  other  remedy  fo  certain  and  fteady  in  curing  dif- 
cafes  as  nitre.  It  has  likewile  been  termed  an  antvphlog\j}\c 
remedy,  good  for  all  manner  of  inflammatory  difeafes  with 
phlogiltic  denfity  of  the  blood ;  poflefling  fine  attenuating 
powers,  being  in  nowife  acrimonious ;  and  happily  calcu- 
lated to  withltand  a  putrefcent  Hate  of  the  l)ody.  It  has  fur- 
ther been  called  a  refrigerant,  a  diuretic,  and  a  carminative, 
and  employed  accordingly  by  thofe  prefcribers  who  are  in- 
fluenced by  the  iionmial  efficacy  of  remedies. 

Such  are  fome  of  the  fuperlative  efFefts  afcribed  to  this 
compound  of  the  acid  of  pedilence  and  pot-afli  :  and  for  a 
confiderablc  time  after  I  became  acquainted  with  the  mif- 
chievous  effefts,  wrought  occafionally  by  the  naked  feptic 
acid,  I  remained  in  the  belief  that  the  ftrongeft  of  the  alka- 
lies could  hold  it  faft,  and  kec])  it  entirely  harmlefs.  It 
therefore  did  not  appear  to  me  improbable  that  the  charac- 
ter of  the  compound  of  the  two  might,  as  in  a  multitude  of 
other  cafes,  be  exceedingly  diflereujL  from  that  of  either  the 
conftituent  acid  or  alkali.     , 

But  latterly  I  have  been  inclined  to  the  opinion,  that  pot- 
afli  is  capable  of  combination  with  oxygenated  fepton  in  dif- 
ferent degrees ;  that  is  to  fay,  fepton,  before  combining  with 
the  alkali,  may  have  been  united  to  more  or  lefs  of  oxygen ; 
and  alfo  fepton,  in  any  of  its  degrees  of  oxygenation,  may 
be  united  with  pot-a(h  in  diiferent  proportions :  in  other 
words,  the  acid  may  vary  in  its  Jlrength,  and  likewife,  on 
every  degree  of  ftrcngth,  may  be  united  to  the  alkali  in  va^ 
rious  proportion.  The  nitrum  nitratum,  defcribed  by  the  older 
chcmilb,  is  an  exaniple  of  pot-afh  /}//>^r-faturated  with  nitric 
acid,  and,  ftrange  to  tell !  has  been  extolled  for  its  advan- 
tageous operation  m  ardent  fevers,  accompanied  with  thirlt 
and  with  a  dry  and  foul  tongue.  I  have  ftrong  reafon  to 
think  that  there  is  a  difproportion  between  the  acid  and  al- 
kali in  other  forms  of  nitre ;  as  I  have  known  litmus-paper 
,to  be  turned  repeatedly  reddifh  by  a  watery  folution  of  falt- 
pctre,  t!ie  reudue  of  a  quantity  which  was   Iwaliowed  by 
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iiiiftake,  and  which  nearly  deprived  a  man  of  his  life.  A  fef 
of  corredl  experiments  is  wanting  to  elucidate  more  com- 
pletely this  part  of  a  very  curious  and  highly  important  fub- 

jea. 

Be  thefe  things  as  they  inay,  all  experience  (liews  that  the 
connexion  between  feptic  acid  and  pot-afli  is  eafy  to  diflblve  j 
at  leall,  a  portion  of  oxygeri  ffeparates  very  readily  from  the 
nitfe.  The  experiment  of  reddening  blood  by  mixing  pow- 
dered faltpetre  with  it,  was  known  to  Hoffman,  and,  I  think, 
fairly  evinces  a  partial  decompofition  of  the  fait.  It  feems  to 
"have  a  fimilar  operation  ufjon  the  refidue  of  that  fluid  in  the 
flefli  of  f.aughtercd  animal>,  and  the  reddening  of  the  lean 
dud  fibrous  part  of  meat  is  evidently  owing  to  the  oxygen 
altrafted  from  the  nitre. 

But  a  heightening  of  colour  is  not  the  only  efleft  which 
fcptite  of  pot-afli  works  upon  provifions  fprinkled  with  it. 
I'here  are  in  many  meats,  efpccially  of  old  animals,  and  of 
thofc  which  havt  been  a  long  time  failed,  a  toughnejs  and 
lardnefs  which  render  them  difficult  to  be  dit  and  to  be 
chewed.  The  feptic  acid  leems  in  fomc  degree  to  be  dif- 
joined  from  the  pot-afli,  and  evidently  affifls  in  deconipofing, 
•to  a  certain  point,  the  vafcular  and  fibrous  ftruftureofthe 
meat.  The  quantity  of  nitre  generally  put  on  is  fmall ;  was 
the  proportion  larger,  the  meat  would  be  yet  further  difor- 
ganifed,  and  be  rendered  more  Jhor(  and  ts7ider,  almoft  even 
to  rotlemiejs^  But  the  injurious  effefl  of  the  nitre  is  pre- 
vented by  the  fea-falt  commonly  mingled  with  it,  in  the 
manner  and  upon  the  principle  defcribed  in  my  '*  Obferva- 
tions  on  Soda*"  (2  Medical  Repofitory,  p.  292,  etfeq.)  The 
ufe  of  faltpetre,  then,  in  curing  provifions,  is  to  make  them 
reddijh  and  tender,  and  not  to  exercife  an  anti/eptic  and  hard- 
ening  power,  as  the  muriate  of  foda  does. 

With  all  thefe  confiderations  before  me,  I  entertained 
great  doubts  of  the  truth  of  thofe  fine  things  told  over  and 
ao-ain,  and  copied  by  one  writer  from  another,  about  the 
mildnefs  and  wholefomcnefs  of  nitre,  and  of  its  wonderful 
€fte(5ls  as  a  calmer  and  foother  of  difcafes.  It  feemed  veiy 
ftrange  to  me,  that  the  acid  which  before  its  union  with 
pot-alh  was  capable  of  caufing  fevers,  (hould  be  fo  fuddenly 
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f.  Kins  formed,  af,  notwltliftanding  the  laxity  of  their  cohcfxoii., 
to  cure  fuch  clireiCcs  iinniediately  afterwards. 

While  r  uas  conlidtrriug  thcfe  things,  a  cafe  fell  under  my 
ohfervatianj  which  allowctl  me  fully  to  witnefs  the  operation 
oi  ihi;  beafted  cooler ^  c<irn'.'uiu!he,  diwdi  febrifuge.  It  f'hews, 
bc\-(Mul  a  doubt,  that  feptio  acid,  though  coerctidi  l>y  pot-afli, 
ii  in  fonie  degree  feptio  aeid  Itill.  Its  native  virulence  does 
not  even  then  w  holly  forfake  it.  Nitre  ought  to  be  ranked 
among  the  poifons:  for,  in  a  fufficient  dofe,  it  is  truly  a  poi- 
Ibn.  Though  it  may  be  adminiltered  in  fmall  quantities  with- 
out exciting  terrible  fvmptoms,  it  refembles  in  that  ref[xr«9: 
moft  other  venomous  kibliauces,  which  can  be  fwailowcd 
without  detriment,  and  even  often  with  advantage,  when 
their  dofe  is  not  too  larcre.  It  is  time  for  writers  of  Difpen- 
fatories,  and  on  Materia  Mcdica,  to  know  the  facts  concern- 
ing nitre  and  its  operation^  and  to  publifli  them  for  the  fake 
of  undeceivino;  their  readers.  Too  long;  has  the  medical 
world  been  the  dupe  of  idle  and  partial  opinions  on  this  fub- 
jefti  Read  the  following  accident,  and  judge  of  what  I  have 
faid  from  the  fymptoms  induced  by  fwallowing  feptite  of  pot- 
alli  or  faltpctre  : — 

A  carman,  of  middle  age,  had  followed  his  bufinefs  as 
tifual  on  Saturday  the  20th  day  of  April  1799.  On  Sunday 
tnorning  he  determined  to  take  a  faline  cathartic  for  an  ia- 
difpoiition  too  tritling  to  require  the  advice  of  a  phyfician. 
Accordingly  his  wife  diflblved  an  ounce  of  what  (lie  believed 
to  be  fuiphate  of  foda  (Glauber's  fait)  in  v.ater,  and  gave  it 
.  to  him  at  a  draught.  He  fwallowed  it.  Soon  after  he  was 
feverelv  incommoded  by  v.hat  he  termed  "  a  great  weaknefs 
about  his  heart."  Naufea  came  on,  and  was  followed  by 
Vomiting  of  the  contents  of  the  (lomach,  mixed  with  confi- 
derable  quantities  of  blood  at  each  time.  His  ftrength  v.as 
(exceedingly  impaired  :  and  a  fenfation  of  coldnefs  over  the 
whole  body  was  remarked  by  him,  particularly  in  the  extre- 
mities. 1  did  not  fee  him  until  after  the  bloody  vomltin^f 
had  continued  at  times  for  feveral  hours,  and  then  his  pulfes 
at  the  wrift  were  very  flow.  He  was  however  quite  rational, 
and  faid  he  then  felt  much  better  than  he  had  done.  On  ex- 
amining what  kind  of  fait  he  had  taken^  for  fome  cryftals  of 
•it  remained  in  4  wide- mouthed  bottle,  I  found  it  to  be  fep- 
tite 
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titc  of  pot-afli  (faltpetrc.)  This  was  about  eleven  o'clock 
before  noon,  and  he  had  taken  it  at  fix  in  the  morning.  As 
it  had  had  no  purgative  efl'eft,  I  ordered  him  fonie  cattor-oil, 
and  almond  milk  fwectencd  with  fugar,  or  fonic  milk-whey, 
and  fome  water-grud. 

In  35  Commentar.  de  Rebus,  8cc.  p.  176,  a  cafe  is  men- 
tioned of  death  from  taking  an  ounce  of  nitre  :  and  if  a  part 
of  the  qr.antily  which  this  man  took  had  not  been  vomited 
up,  he  probably  would  have  died  too.  The  ol.  ricini  purged 
hrm  gently,  and  he  gradually  got  better,  but  complained 
very  much  of  weaknefs  about  the  prsecordia. 

Tlicre  are  numerous  other  accidents  not  materially  unlike 
thcfe.  Such  occurrences  give  us  no  very  favourable  account 
of  the  benignity  of  nitre  as  a  medicine.  It  is  a  pity  that 
practifers  of  phyfic  do  not  better  undcrftand  the  component 
parts  of  their  prefcriptions.  How  few  know  that,  in  admi- 
niftcring  nitre,  their  patients  arc  made  to  fwallow  a  portion 
of  the  naufcatlng  and  fickening  acid  of  putrefaction  1 

Poifibly  thcfe  remarks  may  have  a  tendency  to  remove  the 
Goubt  contained  in  your  letter  of  April  11,  1799.  You  will 
hereby  perceive  that  mj>  native  acid  offepton  is  a  combination 
of  this  bafis  with  oxygen  and  water ;  whereas  your  artificial 
acid  of  nitre  undergoes  a  partial  decompofition  by  the  heat  of 
diftillation,  and  is  adulterated  befidcs  with  whatever  happens 
to  be  mingled  with  it  daring  and  after  its  combination  with 
the  vegetable  fixed  alkali.  And  both  thefe  forms  of  acid 
diflfcr  from  atmofpherical  air  j  inafmuch  as  the  former  are 
chemical  mixtures,  the  latter  is  mechanical. 

It  would  be  better  for  fcicncc  if  the  word  ^'  nitre"  was  re- 
je6led  altogether  from  life.  Nitria,  whence  the  term  comesj 
was,  you  know,  a  dlftrift  of  ancient  Eg^^pt,  famous  for  the 
quantity  of  mineral  alkali  which  it  afforded.  (D'Anville's 
Geograph. — Egypt.)  This  faline  fubftance  has  thence  been 
called  by  the  names  iiitrum^  nitre.  Sec.  In  confirmation  of 
which,  I  obfcrvc,  in  the  Dictionary  of  Calepinus,  printed  at 
Bafil  in  1538,  that  what  they  called  nitrum  was  a  material 
employed  to  cleanfe  clothes,  and  wafli  the  bodies  which  wore 
them.  And  S.  Bochart  remarks,  (i  Opera.  Chanan,  L.  II. 
cap.  xiv.)  that  the  ancients  made  a  kind  of  ley  from  ajhesy 
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fodn,  ^r\A  bcle,  [cinere,  nitro,  et  c'nnolia,)  for  more  effeflually 
clearing  their  bodies  from  naflinefs  when  they  bathed.  I 
need  not  remark  to  you,  that  I  employ  the  word  '^  nitre," 
not  in  its  ancient,  but  modern  fenfe. 

It  is  highly  defirable  that  fome  of  our  men,  whofc  opinions 
have  weight  with  the  public,  would  perufe  the  work  of  Lan- 
cifi,  phyfician  to  Pope  Clement  XT,  on  the  noxious  exhala- 
tions of  mardies.  (De  Nox.  Palud,  Effluviis.)  By  the  per- 
fevering  and  luminous  refearches  of  this  great  man,  it  was 
found,  as  long  ago  as  the  year  1716,  that  marfli -water,  by 
fimple  diftillation,  {Ibid.  Lib.  II.  c.  xii.)  manifefted  an  acid 
quality;  and  that  calcareous  ftones  {Ibid.  Lib.  II.  c.  ii.)  were 
better  for  paving  the  ftrects  uf  cities  than  Jiliceous  ones,  be- 
caufc  the  alkaline  nature  of  the  former  was  adapted  to  imbibe 
the  noxious  moifture  of  the  air,  and  fweetcn  the  acid  falls 
with  which  it  abounded.  Indeed,  much  of  the  matter  de- 
tailed by  the  writers  of  our  davs  on  local  fources  of  dif- 
tempers,  mav  be  found  better  obferved,  and  better  ftated,  by 
Lancifi,  than  in  their  writings.  By  the  by  I  obferve  he 
mentions  the  Englilh  philofopher  Mayow,  {Ibid.  Lib.  II, 
P.  ii.  cap.  2.) 

'  If  the  philofopher  of  Rome  had  reaf  )ncd  upon  his  own 
difcoverv,  he  could  not  have  failed  to  draw  the  'inference, 
that  by  alkaline  fuhjlanccs  might  the  hvdra  of  peftilence 
be  overcome. — As  I  have  mentioned  this  monfter,  I  fliall 
paufe  a  little  to  give  you  my  opinion  of  the  allegory  among 
the  ancients  concerning  her  :  and  I  attempt  the  explanation 
the  more  willinjily,  as  I  believe  Lord  Vcrulam  has  faid  no- 
thing about  it.  The  fable  is  this  : — In  Peloponnefus,  between 
Mycenae  and  Argos,  there  was  a  fen  or  marili  of  fome  extent 
called  Lerna.  This  muddy  and  ftagnating  pool  was  inhabited 
by  Hydra,  a  horrible  and  devouring  monfter  with  feveral 
heads;  fome  fav  feven,  others  nii<e,  and  others  fifty.  The 
malignity  of  her  poifon  was  fuch  that  a  wound  from  an  ar- 
row dipped  into  it  was  inllanily  mortal.  Siie  njade  dreadful 
havoc  among  the  people  of  the  furrounding  country,  and  de- 
voured a  great  nuvMbcr  of  their  flieep  and  other  cattle.  In 
obedience  to  the  orders  of  the  tyrant  Euryllheus,  Hercules 
v.ent  to  fight  this  dcftrudive  and  formidable  creature.     On 
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bis  approach,  a  crab  came  forth  to  the  afliftance  of  Hydra; 
but  Hercules  cruflied  the  crab,  and  afterwards  flew  Hydra. 
Of  the  heads  of  Hydra,  it  was  reported,  when  one  was  cut 
off,  two  would  fprout  from  the  wound,  unlcfs  prevented  by 
the  immediate  application  of  fire.  Hercules,  availing  himfelf 
of  the  aid  of  fire,  fuccecded  in  his  undcrtakinjz;.  In  the  ninth 
figure  of  Montfaucon's  66th  plate,  there  is  a  figure  of  Her- 
cules with  crabs  near  his  feet,  having,  as  the  learned  father 
curioufly  enough  remarks,  a  relation  to  fome  myftery  which 
he  does  not  comprehend,  (i  Antiquity  explained.  Art,  Her- 
cules, chap,  i.x.) 

Now,4t  appears  to  me,  this  is  an  ailegor\'  cxpreflive  of  the 
peftilential  vapours  emitted  by  the  bog  of  Lerna,  ami  of  the 
means  found  by  experience  nfeful  to  drain  off  its  ftagnant 
water,  and  to  clear  the  adjoining  and  furrounding  moraffes. 

The  word  "  hydra"  is  derived  from  l^Z^,  ivater.  This 
fluid  then,  detained  upon  the  marfti  of  Lerna,  favoured  oc- 
cafionally  the  prfxlu6tion  of  unwholefomc  exhalations.  Such 
vapours,  being  at  once  invifible  and  injurious,  were  afcribed 
to  fome  preternatural  enemy  or  deftruAive  monfler ;  and 
feeing  difiufcd,  or  wafted  around  the  countr)',  and  often- 
times cutting  off  both  man  and  beaft,  were  fancied  to  he 
the  eflfeft  of  the  fuppoled  monfier's  poifon.  According  to 
their  extent  and  virulence  was  (he  reported  to  have  fewer  or 
more  heads  for  preparing  and  inflicting  this  poifon.  The 
mere  draining  off  the  water,  and  leaving  the  mud  ami  flime 
bare,  was  termed  cutting  off  an  head ;  and  the  increafe  of 
deleterious  gafes,  in  conleqnence  of  cxpofing  luch  a  naked 
furface,  was  aptly  exprelfed  by  the  fproutjng  forth  of  two  in 
its  place.  By  cauterifing,  or  fearing,  was  underftood  either 
the  folar  heat  in  drying  tlie  ground  after  the  water  was  drained 
away,  or  the  burning  up  of  the  trees,  ilirubs,  and  obftaclca 
to  free  ventilation  by  ordinary  combufiiou,  or  perhaps  both. 
The  crab,  who  was  Hydra's  ally,  perhaps  docs  not  refer  to  the 
fun's  place  in  the  conftellation  Cancer,  fo  much  as  to  fliew  the 
frequent  recurrence  of  the  difficulties,  and  the  fuperior  llrenfrth 
and  fkill  requifite  to  overcome  them.  In  the  whole  allegory 
*'  Hercules"  may  be  underftood  to  mean  *•  infuperable  cou- 
rage and  induftr)'."  North  America,  at  ih^  clofe  of  the  i8th 
7  century. 
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v-riitnrv,  wants  a  Ilcrculcri.  This  inlfrprctatlnn  ii  confirmed 
l)y  another  confidcration,  that  the  ancients  had  not  only 
their  Hn/ray  who  hved  in  the  water,  but  tlieir  Cherfxdra, 
who  remained  after  the  marfh  or  'icn  was  dried  up.  Cher- 
Jydrd,  being  derived  from  the  two  words,  x^p^°ii  land  not  Jit 
J'>r  the  plough  \  and  u^^x^  the  monjlir  of  the  fens \  will  thus 
mean  the  venomous  and  ficklv  condition  of  the  neighi^ouring 
atmofpherc  after  the  water  was  exhaled,  and  the  ground  at 
the  fame  time  not  rendered  arable  thereby,  typified  by  a  poi- 
fonous  ferpent :  and  was  thus  expreffive  of  the  rage  of  pefti- 
Icntial  effluvia,  which  fometimes,  and  uncbr  certain  circum- 
"fianees,  continue  in  a  virulent  flatc,  in  dry  weather,  near 
their  dried  fources. 

Hydra  is  fecmjnglv  mentioned  by  Virgil  (^-En.  vi.  v.  576,) 
as  a Jiditious  or poiikcil -dmw.il.  Bochart,  however,  with  his 
iifual  prodigious  erudition,  appears  dcfirous  to  make  the  whole 
llory  litcraiiji  intelligible.  (Ilieix>zoici  pars  pofter.  Lib.  III. 
cap.  xiii.)  But  Laneifi,  with  a  more  clear  and  difcriminating 
mind,  perceives  that  important  phvfical  truths  are  concealed 
under  this  two-fold  allegory,  and  fliews  how  they  are  to  be 
unriddled.  (De  Nox.  Palud.  Effl.  Lib.  IL  p.  ii.  cap.  3.) — 
In  confidering  thefe  matters  you  will  not  fall  to  rccolleft  that 
the  clailical  writers,  and  oth.ers,  ufe  the  word  "  hydrus"  a? 
well  as  "  hydra,"  and  fome  of  them  apparently  confound 
the  two.  The  former  noun  of  the  niafculine  gender  is  pro- 
■bably  the  name  of  the  real  animal,  the  ivater-Jhakc,  the 
Matter  of  the  imaghiaiy  one.— ^But  of  this  enough. 

If  peftilcntial  matter,  as  T  obferved  before,  can  be  fubdued 
bv  alkalies,  then  the  formation  of  feptite  of  pot-afli  in  the 
alimentary  canal  mult  be  a  very  frequent  and  conmion  pro- 
cefs.  It  is  univerfallv  agreed  that  peftilential  matter  may  be 
taken  into  the  ftomach  by  fwallowing;  and  no  reafonablc 
doubt  can  be  entertained  of  its  production  within  that  organ, 
and  other  parts  of  the  inteltinal  tube,  from  the  corrupted  re- 
mains of  food.  The  whole  tenor  of  prefeription,  as  explained 
in  my  letter  conccrnlnsr  the  ide  of  alkaline  remedies  in  fevers, 
(i  Medical  Repof.  p.  265.)  goes  to  flicw  that  the  otibn'dinf 
nufe  is  of  an  acid  quality  :  and  in  its  worit  forms,  I  tliink 
iie  acid  engendered  has  fepton  for  its  balls  3  fince  aliment, 
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containing  this  principle  onlv,  is  capable  of  yielding  that 
moft  noxious  compound.  When  fcpiic  acid  thus  exifts  in 
the  alimentary  canal,  and  carbonates,  tartritcs,  8cc.  of  pot- 
afh,  are  taken  down,  the  ftronger  acid  is  attraftcd,  and  a 
proportional  quantity  of  nitre  or  faltpctrc  is  formed.  Thus, 
in  abundance  of  cafes,  the  praclifers  who  are  fond  of  prft- 
fcribing  feptite  of  pot-afh  might  fpare  themfelves  the  trouble, 
as  that  faline  compound  is,  in  certain  cafes,  formed  in  the 
flomach  and  bowels  in  confiderable  quantity.  What  prccife 
effeft  the  nitre  Jo  formed  has  on  the  inteftines,  and  on  the 
conditution  at  large,  defcrves  to  be  inquired  into  with  great 
care ;  for  I  am  not  without  apprehenfion  that  fome  of  the 
fad  fymptoms,  occafionally  attendant  on  fevers,  are  modified 
by  the  feptite  of  pot-afli  formed  within  the  belly.— I  believe, 
however,  I  mu(t  now  ftop,  and  trouble  you  no  further  for 
tiie  prefent  than  by  alTuring  you,  that  I  hope  much  from 
your  aid  in  this  inquiry,  which  you  inform  me  you  confider 
*'  as  a  happy  train  of  difcovery ;"  and  that  I  am,  veiy  re- 
fpe6lfully,  yours, 

SAM.  L.  MITCHILL. 
To  Dr.  Vrujlhy, 


VII.    jyefcriptioii  of  a   Mercurial  Gaz.oineter  conflruBed  by- 
Mr,  W.  H.  Pepvs  j;/«.      Communicated  hy  the  Ardhor. 

A  HE  difficulty  attending  <^  exhibition  of  acid  and  al-. 
kaline  gafes,  was  the  firft  inducement  to  Prieftley,  Lavoifier, 
and  others,  to  w^t  mercury  for  fuch  experiments;  but  the 
great  expence  and  enormous  weight  of  this  fiuid  obliged 
many  accurate  and  experienced  chemifts  to  relinquifh  them 
almoft  entirely,  as  there  appeared  no  other  likely  means  of 
fucceeJing  but  by  its  means  and  that  of  the  exhaufted  re- 
ceiver. A  contrivance  to  Icflen  the  quantity  of  mercury 
necefTary  for  fuch  experiments  was  therefore  ^  defirable  ob- 
je6l ;  and  by  introducing  the  dome  ufed  by  Mr.  Watt  in  his 
hydraulic  bellows,  I  have  fucceeded  in  conftrufting  an  ap- 
paratus in  which  both  of  the  above-mentioned  rcquifitcs  arc 
obtained  at  a  comparatively  fmall  expence.     As  it  is  hardly 
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poflible  to  japan  tin  or  copper  fo  perfctflly  as  to  prevent  their 
beinix  attacked  by  mercury  wiircn  brought  in  contact  with 
them,  I  had  the  cyUnders  turned  in  lignum  vitE,  on  which 
the  mercurv  has  no  aftion  :  the  conducting  tube  is  of  glafs ; 
and  the  cocks  are  coated  on  the  infide  with  varnifh. 

The  urcfuhufs  ot  an  apparatus  fo  conftruited  will  appear 
fufficiently  ob\ious,  when  it  is  recollected  that  all  gafespalTed 
through  any  other  fluid  than  mercury,  water  for  infiance, 
take  up  a  quantity  of  nioifture,  which  adds  confiderably  to 
their  gravity,  and  makes  it  impollible  to  determine  their 
real  Weight. 

For  weighing  of  ofafes  I  make  ufe  of  a  glafs  globe  and  ftop- 
cock  of  a  fmallcr  fize  than  is  commonly  employed,  as  greater 
accuracy  can  be  obtained  by  ufing  a  proportionally  delicate 
beam  than  by  employing  a  larger  globe,  which  muft  be  fuf- 
pcnded  to  a  beam  of  fuch  ftrength  as  greatly  to  increafe  the 
friclion  on  its  axes.  It  is  of  great  importance,  in  the  analyfia 
of  bodies,  or  in  other  chemical  experiments,  to  be  able  to 
afcertain  with  accuracy  the  weight  of  any  gas  obtained  by 
the  procefs.  The  weight  of  two  or  more  quantities  of  gas 
fiiould  however  be  always  tricd^  and  tlie  mean  be  taken  to 
prevent  anv  error. 

A,  (Plate  III)  is  a  reprefentation  of  the  bell  of  the  gazo- 
meter, made  of  glafs,  furnifhed  with  a  cock  at  top,  and  able 
to  contain  34  ounces  troy  of  didilled  water.  The  divifions 
of  capacity,  determined  by  aftual  meafurement,  are  marked 
on  the  glafs  with  a  diamond.  BB,  feftion  of  two  cylinders 
of  lignum  vitK,  the  outward  one  fcrewed  upon  the  folid  in- 
ternal one,  which  is  made  to  project  at  its  lower  extremity, 
and  furnifhed  with  a  male  fercw,  to  work  into  a  female  fcrew 
with  which  the  lower  end  of  the  external  cylinder  is  fur- 
niflied.  The  fpace  between  thefe  is  fo  adjuflcd  as  to  beal- 
moft  filled  up  by  the  fubfl:ance-  of  the  glafs  bell  A  when 
dropped  into  it,  fo  that  the  quantity  of  mercury  necefiarv  to 
fill  up  that  fpace  is  proportionally  fmall.  The  internal  cy- 
linder has  a  conducting  tube  up  through  its  axis,  the  lower 
end  of  which  is  furnifhed  with  a  fetwale  fcrew  anfwerin<r  to 
the  male  fcrew  of  the  cock  of  the  fmall  receiver  C.  The  re- 
ceiver C  is  made  of  glafs,  and  open  at  bottom,     When  this 
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receiver  Is  ufed,  it  is  icrcwcd  into  its  place,  and  refls  iiprm  ri- 
fniall  cup  or  ciltcrn  of  mercury  D,  in  which  the  beak  of  a 
retort,  furniilied  with  a  bent  glafs  tube,  to  be  afterwards  no- 
ticed, may  be  introduced  under  the  receiver,  E,E,F-,E,  fec- 
tion  of  a  wooden  (tand  upon  which  the  cylinders  of  lignum 
vita;  are  fupportcd,  having  an  opening  throtigli  the  top  to 
jicrinit  tb.e  cock  of  the  receiver  C  to  be  joined  to  the  con- 
ducling  tube  of  the  internal  cylinder  B.  The  ciftern  D  is 
adjuftcd  to  its  height  by  means  of  a  rifing  cylinder  in  the 
pcdeftal  F.  G  is  a  transfer  glafs  for  n)ixing  alkaline  gafes  in 
vacuo,  or  other  purp6fe5 ;  and,  \\  hen  ufed,  is  joined  to  the 
top  of  the  bell  A,  H,  a  glafs  globe  and  ftop-coek,  capable 
of  holdinp-  14  ounces  troy  of  diliillcd  water  for  weiirhino: 
gafes  r  it  receives  its  gas  by  being  inverted,  and  fcrewcd  into 
the  bell  A,  I,  a  bladder  furniflied  with  a  ftop-cock  to  afii'.t 
in  holding,  .Transferring,  or  mixing  different  gafes.  K,  an 
claftic  gum-bottle,  capable  of  containing  30  ounces  of  di- 
Itilled  water,  for  holding  the  acid  gafes  :  when  ufed,  it  is 
fcrewcd  into  ihe  top  of  the  transfer  G;  the  bottom  cock  of 
the  latter  being  at  the  lame  time  joined  to  the  bell  A,  previ- 
oufly  charged  with  the  alkaline  gas  t  the  cocks  being  turned, 
the  jrafes  rulh  together  in  vacuo.  I..,  a  fmall  portable  air- 
pumj5,  for  exhaufting  the  globe  II.  M,  a  double  male  fcrew, 
which  fits  any  part  of  the  apparatus,  and  on  which  a  valve 
may  be  faflened.  N,  a  double  female  fcrew.  O,  a  fmall  in- 
firument,  wlyich  I  would  not  have  mentioned, "had  I  not  found 
it  of  peculiar  fervice  in  colle^ling  fpilled  mercury  :  it  is  made 
of  o-Iafs,  the  mouth  being  applied  at  a:  you  may  colle6l  any 
ihiall  globules  of  mercury  by  the  fmall  end  b,  by  which 
means  they  are  elevated  into  the  receiver  at  O.  It  is  ufcful 
likewlfe  for  removing  mercury  from  the  fmall  ciftem. 

One  of  the  principal  objcclions  to  the  ufe  of  mercury  in 
fuch  experintenls  as  this  apparatus  is  Intended  for,  has  been, 
ilie  great  force  neceffary  to  overcome  the  refinance  of  a  co- 
lunni  of  n^.eicury  w hen  gafes  are  to  be  received  over  that 
dcnferuildj  a  relillance  in  the  proportion  of  one  inch  of 
mercurv  U)  fourteen  inches  of  water,  and  which  very  few 
lutes  are  able  to  withftand.  This  rcfiilance  I  overcome  by 
a  very  fimple  contrivance  :  a  bent  tube  lilted  into  the  beak 
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tif  llic  rc(ort,  (if  one  be  cnipluycd,)  or  iiitcy'a  Wolf's  appa- 
ratus, aiitl  pafilntr  into  the  upper  part  of  liic  linall  receiver, 
as  exprtiled  in  the  plate  at  C.  By  employ i no-  mercury  for 
Inch  experiment!?,  another  advantoge  is  gained  by  the  ufe  of 
this  apparatus,  namelv,  a  powcT  of  exhauftion  in  the  retort, 
or  Wolf's  bot'Je,  equal  to  a  eolumn  of  two  inches  of  mer- 
cury, or  28  inches  of  water.  This  will  be  eafily  conceived 
tvhcn  it  is  recolleoleJ  that,  ])y  drawing  up  the  large  receiver 
A,  the  fmall  one  C  is  raifed  in  its  ciltern,  bearing  up  with 
it  the  contained  mercurv,  which  is  kept  in  its  place  by  the 
prefTure  of  the  atmofpherc  on  the  furface  of  the  mercurv  ia 
the  ciftern.  The  cock  of  the  fmall  receiver  C  is  then  to  be 
turhed  ofi",  and  that  of  the  large  one  A  to  be  turned  on.  Ihe 
tiir,  of  wliich  the  retort,  or  Wolf's  bottle,  is  thus  exhauftcd, 
may  then  be  let  out,  by  plunging  A  into  the  mercurv  be- 
tween the  cylinders  BB,  and  turning  off  the  cock.  When 
a  fuHieient  (juantitv  of  gas  paflcs  from  tl)c  retort,  or  bottle, 
through  the  bent  tube  into  C,  to  level  the  mercury  in  it  and 
the  cillern,  the  communication  may  again  be  opened,  and 
the  fame  iteps  followed  as  before  defcribed.  By  this  means 
1  have  been  enabled  to  obtain  more  gas,  from  the  lame  ma- 
terials, than  if  I  had  received  it  through  a  fluid  of  the  weioht 
of  water;  a  cireumrtaiice  of  fome  importance  where  nice  and 
accurate  refults  are  looked  for. 

The  plate  of  the  apparatus  is  on  a.fcale  of  nearly  three 
inches  to  a  foot. 


VIII.  yl  Coynmunlcatlon  refpcBlng  the  Vrcparationoj  IVr'it'ing 
Ink.     By  Mr,  Y>E  s o  li yi  EA  u  X  junkr. 


B, 


Mr.  Editor, 


'KING  a  conflant  reader  of  your  truly  inftrui^tive  amt 
'•ntcrtaining  Work,  and  having  noticed  in  the  Number  for 
October,  p,  29,  a  communication  relative  to  an  improved 
writing  ink,  I  am,  in  eonfequence,  induced  to  offer  fome  prac- 
tical remarks  on  that  fubje^t. 

Previous  to   my   reading  that  communication  refpedlino^ 
Jjie  difcovcrits  of^Prouft  having  been^  applied  by  Van  Mons 
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to  the  preparation  of  the  fluid  alluded  to,  I  had  made  a  great 
variety  of  experiments,  in.  fomc  of  which  I  treated  the  ful- 
phat  of  iron  prccilelv  as  there  directed  j  but  fince  that  time, 
I  have,  with  a  view  to  improvement,  followed  the  rule  which 
is  there  prefcribed  itriclly,  and  have  befidcs,  at  former  inter- 
vals, gone  over  and  varied  the  experiments  of  Macquer, 
Lewis,  Berthollet,  Ribancourt,  Pfoiiftj  and  other  celebrated 
chemifls,  both  foreign  and  native,  who  have  treated  on  this 
and  other  fubjecls  nearly  allied  taitj  with  a  view,  ifpof- 
fibie,  to  cftablifh  certain  data  upon  which  to  ground  the  bed 
mode  of  fabricating  the  article  in  queflion,  being  very  dc- 
firous  ccnftantly  to  obtain  an  ink  for  the  common  purpofes 
»>f  penmanfliipj  which,  at  the  fame  time  that  it  fliould  flow 
with  freedom,  flionld  have  the  proper  degree  of  liiPire  or  glof- 
flnefs,  and  be  at  the  moment  of  ufing  inteiifely  black,  with 
a  capability  of  retaining  that  colour  continually,  even  though 
openly  expofed  to  the  action  of  the  fan  and  air.  This,  I 
prcfume,  I  have  accompliftied  :  at  leaft,  during  a  fpace  of  ten 
years,  I  have  never  met  with  any  formula  which  has  fo  well 
rewarded  my  pains  as  the  one  which  I  am  about  to  commu- 
nicate. Having  been  brought  up  in  a  line  of  bufinefs  in 
vthich  I  am  in  the  dailv  habit  of  obferving;  the  aftion  of  fuch 
fubftances  upon  each  other  as  enter  into  the  formation  of 
ink,  it  may  be  readily  imagined  that,  in  a  practical  point  of 
view,  my  opportunities  for  the  improvement  of  it  have  fallen 
little  (hort  of  any  individual  whatever.  If  to  this  I  add,  that, 
fince  the  year  1794, 1  have  annually  fupplied  the  public  with 
at  Icalt  17,000  gallons  of  ink,  bcfides  preparing  powder  for  its 
occafional  produiilion,  it  may  be  inferred  that  I  have  fpared 
no  pains  in  ftudying  what  would  beft  conduce  to  its  perfecl- 
ability ;  and  after  the  many  attempts  which  I  have  made,  I 
have  never  found  mv  expectation  or  that  of  my  friends  de- 
ceived, when  the  procefs  has  been  conduvSted  agreeably  to  the 
following  dire£lions  : — In  fix  quarts  (beer  meafure)  of  water, 
(it  docs  not  appear  of  importance  whether  it  be  rain,  river,  or 
fpring  water,)  boil  four  ounces  of  the  beft  Campcachv  log* 
wood,  chipped  very  thin  acrofs  the  grain  ;  (the  boiling  may 
be  continued  near  an  hour;)  adding  from  time  to  time  a  little 
lollmg  water^  to  compeulate  for  walle  by  evaporation  :  firain 
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the  liquor  ivhiljl  hot,  fuffer  it  to  cool,  and  make  up  the 
quantity  equal  to  five  quarts  by  the  further  addition  of  cold 
water.  To  this  cold  decoction  put  one  pound  averdupois 
weight  of  blue  galls,  or  20  ozs.  of  the  befl:  galls  in  forts, 
which  fliould  be  firll  coarfdy  bruifcd;  4  ozs.  of  fulphat  of 
iron,  calcined  to  whitenefs ;  '  oz.  of  the  acetite  of  copper, 
which  fliould  be  triturated  in  a  mortar,  moillened  by  a  little 
of  the  decodion  gradually  added  tiil  it  be  brought  to  the 
form  of  a  fniooth  palte,  and  then  thoroughly  intermixed  with 
the  whole  mafs.  Three  ounces  of  coarfe  brown  fugar,  and  fix 
ounces  of  good  gum  Senegal,  or  Arabic,  are  alfoto  be  added. 
Thefe  feveral  ingredients  may  be  introduced  one  after  the 
other  immediately,  contrary  to  the  advice  of  fome, .who  re- 
commend the  gum,  Sec.  to  be  added  when  the  ink  is  nearly- 
made  ;  as  gum,  however,  is  at  prefent  exorbitantly  dear,  three 
or  four  ounces  will  be  found  fufficient,  wath  only  one  and  an 
half  ounce  of  fuiiar,  unlcfs,  for  particular  purpoles,  it  is  wanted 
to  bear  a  higher  glofs  than  common.  In  regard  to  the  ufe 
of  fugar,  which  1  have  here  recommended,  I  hope  I  (hall  not 
trcfpafs  in  remarking,  that  my  obfenatjons,  on  a  very  exten- 
five  fcale,  are  coincident  with  thofe  of  M.  Ribancourt,  who 
fays,  that  a  degree  of  fluidity  is  by  its  means  imparted,  which 
allows  the  dofe  of  gum  to  be  enlarged  confidcrably  beyond 
what  it  would  bear  without  it;  and  it  is  thereby  rendered 
Icfs  liable  to  clog  the  pen,  which,  efpecially  when  the  nib  is 
very  fine,  if  it  does  not  flow  freely,  quits  it  fo  flow  as  unplea- 
fantly  to  retard  the  writer,  and  is  totally  unfit  for  fine  manu- 
fcripts ;  befides,  by  fuch  an  union  of  gum  and  fugar,  a  de- 
gree of  confiftency  is  given  to  the  liquor,  which  enables  it  to 
fufpcnd  a  much  greater  portion  of  colouring  matter  than 
otherwife  could  be  effefted;  a  circumitance  of  the  areatefl: 
importance  to  its  hue  and  permanency.  It  is  far  from  my 
defign,  in  thus  tranfmitting  my  ideas,  to  induce  a  fuppofition 
that  it  is  cxatily  after  this  manner  that  I,  or  any  other  perfon 
who  fupply  ink  by  wholeiale,  compound  it;  fo  far  from  it, 
that  the  firft  coft  of  one  gallon,  on  the  plan  here  fuggefted, 
would  exceed  twice  the  fum  which  is  ufually  paid  for  it  to 
the  manufacturer,  although  by  retail  it  is  dilpofed  of  at  an 
enormous  rate.     For  private  perfon?,  therefore,  who  wifli  to 
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be  particular  in  their  manufcripts,  the  rule  I  have  here  laid 
down  \vill  he  found  fully  to  anfuer  their  cxpcclations  at  a 
cheaper  rate  than  they  are  in  general  furniflied  with  it.  Tiic 
bcft  velTcl,  in  my  opinion,  in  which  to  make  inh,  is  n  com- 
mon ftone  bottle,  which  will  contain  half  as  much  more  as 
is  propofed  to  be  made,  and  which  fbonld  be  agitf\tcd  twice  , 
a  day,  and  be  left  uncorked,  in  order  to  cxpofc  frefh  fiirfaccs 
of  the  liquor  to  the  aftion  of  the  air,  without  which  it  can- 
not be  expected  to  write  very  black  when  firil  ufed,  but  with 
this  precaution  may  be  fit  for  ufe  in  about  14  days  ;  when 
it  may  be  poured  from  its  dregs,  and  corked  up,  to  preferve  it 
from  duft,  as  well  as  wafle  by  evaporation.  In  cold  weather  . 
It  fliould  never  be  fufiercd.to  freeze,  wliich  is  found  to  caufe 
a  difunion  of  its  parts,  nor  does  it  ever  afterwards  recover  its 
formeT  intenfity  of  colour,  luftre,  or  durability.  Many  per- 
fons,  I  am  aware,  difapprove,  and  therefore  omit  the  ufe  of 
logv/ood,  from  an  apprehenfion  that  it  induces  a  tendency  in 
the  ink  to  fade ;  this  however,  from  the  ftrictcft  attention,  I 
can  afl'ert  to  be  fallacious,  at  leaft  where  it  is  not  had  rccourfc 
to  by  way  of  fubftitute  for  the  other  more  expcnfivc  articles ; 
indeed  its  effefts  are  quite  the  reverfe,  where  all  the  ingredi- 
ents are  properly  proportioned.  As  to  the  beautiful  complexion 
which  is  given  by  it  to  the  entire  mafs  of  fluid,  it  would  be 
needlcfs  to  infill,  unlefs  for  the  fake  of  thofe  who  arc  unac- 
quainted how  a  mixture  of  the  acetlte  of  copper  and  logwood 
liquor  work  together,  and  by  which,  in  this  inftance,  a  rich- 
nefs  and  bloom  is  given,  which  can  in  no  other  way  be  got 
with  equal  economy  and  fuccefs;  independent  of  which,  the 
ci)Iouving  matter  of  the  wood,  by  its  affinity  with  the  oxyde 
of  iron,  has  a  very  powerful  eife6l  to  blaclcen  the  ink,  and 
to  render  it  lefs  capable  of  change  from  any  unfaturated  acid 
in  the  fulphat  of  iron,  or  from  the  operation  of  the  air.  I 
am  aware,  too,  that  the  introduction  of  cupreous  matter  has  . 
bctnobjefted  to,  on  the  fcore  of  its  injuring  the  penknife  bv 
a  portion  of  copper  attaching  itfelf  thereto  in  confequence  of 
fiiperior  ele6live  attraftion,  whereby  it  has  been  remarked 
that  a  part  of  the  knife's  edge  is  diffolved,  and  a  quantitv  of 
copper  anfwering  thereto  is  exchanged  and  depofited  in  its 
place,  which  is  always  faid  lo  happen  when  the  pen  rctaiifs 
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at  little  ink  at  the  time  of  its  being  mended.  This,  I  think, 
is  fpinning  out  the  effedl  of  chemical  affinity  too  far;  for 
although,  with  rcfpeft  to  the  reafoning,  the  truth  mu(l  be 
admitted,  I  contend,  notwithftanding,  that  its  confequences 
to  the  edge  are  not  apparent  to  the  eye ;  nor  is  any  fenfible 
'  detrimental  change  thereby  produced  upon  the  knife,  more 
than  what  is  induced  by  any  other  ink  into  which  neither 
the  fulphat  or  the  acetite  of  copper  is  introduced.  As  to 
myfelf,  however,  I  have  never  yet  feen  a  receipt  for  the  form- 
ation of  ink,  w^here  each  of  the  principles  were  fo  completely 
proportioned  and  faturated  with  each  other  as  to  be  inert 
when  applied  to  the  furface  of  a  piece  of  polidicd  metal, 
fuch  as  iron,  for  example ;  nay,  even  the  frequent  contact  of 
water  only,  if  allowed  to  remain,  would  fpoil  any  inflrumcnt 
made  of  that  material.  I  fliall  not  enlarge  on  this  particular, 
conceiving  the  moft  powerful  objection  I  can  offer  in  oppofi- 
tion  to  that  opinion,  is,  that  I  have  now  lying  by  me  a 
penknife,  which  has  been  in  conftant  ufe  between  two  and 
three  years,  and  which  even  yet  retains  almoft  as  good  an 
edge  as  it  had  at  firft,  by  the  mere  affiftance  of  an  unprepared 
leather  flrap,  although  in  the  ink  with  which  I  write  the 
acetite  of  copper  has  always  been  ufed.  But  even  admitting, 
for  argument's  fake,  that  what  I  ha:Ve  attempted  to  difprove  is 
true,  how  many  hundred  pens  might  be  made  and  mended 
ere  it  would  be  requifite  to  beftow  twopence  to  the  cutler  for 
the  exercife  of  his  art?  In  fliort,  if  the  introdu^^lion  of  the 
fubftance  alluded  4o  into  ink  be  a  fault,  I  confider  it  as  one  of 
no  confequence  when  put  in  competition  with  the  advantages 
of  beauty,  durability,  and  intenfity  of  colour  imparted  by  it. 

I  (hall  intrude  no  longer  on  the  time  or  patience  of  your 
readers,  than  by  requeiling,  if  any  of  them  are  pofleffed  of  a 
cheap  and  efficacious  method  whereby  the  mouldincfs  of  ink 
may  be  prevented,  that  they  will  communicate  the  fame 
through  the  medium  of  your  Magazine,  in  doing  which  a 
very  confiderable  fervice  will  be  rendered  towards  its  perfe6l- 
ability.  The  admixture  either  of  a  fmall  quantity  of  the 
muriate  of  foda,  of  the  nitrate  of  pot-afli,  of  alcohol,  or  of 
cloves,  have  been  feverally  recommended  for  this  purpofe; 
but  by  experience  1  knov/  lliat  of  thcfc  only  alcohol  will 
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avail,  and  tliis  cannot  be  added  in  fufficient  quantity  without 
cMufing  it  to  fink  into,  and  fpread  upon  the  paper ;  fo  that, 
indeed,  its  ufe  is  altocrether  interdiftod.  The  bcfl  plan  which 
I  have  hitherto  found  as  a  preventive  to  the  vefretative  pro-  . 
ccfs  I  here  allude  to,  is,  to  add  the  ingredients  of  which  the 
ink  is  jcornpofed  to  the  cold  decoction;  if  recourfe  be  had  to  • 
boiling,  ALL  together,  it  is  found  very  rapidlv  to  promote  the 
inconvenience  ;  and  were  ebullition  totally  avoided,  it  would 
on  that  account  be  better,  but  then  we  could  not  obtain  the 
ink  of  fo  deep  a  colour;  yet  I  know-  of  no  inllance  in  which 
mouldinefs  will  not  appear  in  time,  and  that  in  no  inconfider- 
able  degree.  In  fine,  I  am  ignorant  of  any  fub fiance,  or  me- 
thod, that  has  been  hitherto  ufed  as  a  fpecific  to  remedy  the 
defect.  If  there  is  any  that  can  be  fuggefied,  I  fliould  be 
Jiappy  to  put  it  to  the  teft  of  experiment, 

I  am,  Sir,  yours,  &c. 

L.  DESOR.MEAUX  jun. 

Ino.  S,  Vine  Cqurt,  Spitalilclds. 
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HE  various  experiments  which  have  hitherto  been 
Tiiadc  with  a  view  to  determine  the  queftion  fo  long  agi- 
tated, relative  to  the  weight  which  has  been  fuppofed  to  be 
gained,  or  to  be  loft,  by  bodies  upon  their  being  heated, 
a.-e  of  a  nature  fo  very  delicate,  and  are  liable  to  fo  many 
errors,  not  only  on  account  of  the  impcrfcclions  of  the  in- 
flruments  made  ufe  of,  but  alfo  of  thoi'c,  much  more  difficult 
to  appreciate,  arifing  from  the  vertical  currents  in  the  atmo- 
fphere,  caufed  by  the  hot  or  the  cold  bodv  which  is  placed 
in  the  balance,  that  it  is  not  at  all  furprifing  that  opinions 
have  been  fo  much  divided  relative  to  a  fact  fo  ver)-  difficult 
to  afcertain. 

Ii  is  a  confiderable  time  fince  I  nrfi  began  to  meditate  on 
tljis  lubject,  and  I  have  made  many  experiments  with  a  view 
pit5  invcfijsfation  J  and  iu  thefe  t-ipcrinjcnts  I  h;ive  taken 
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t\\  thofo  precautions  to  avoid  errors,  which  a  knowledge  of 
the  various  lources  of  them,  and  an  earncft  dcfire  to  deter- 
mine a  fact  which  I  conceived  to  be  of  importance  to  bu 
known,  could  ihrj)ire :  but  though  all  my  refearches  tended 
to  convince  nie,  more  and  more,  that  a  hoJ^  acquires  no  ad- 
ditional lueight  upon  bcujg  heated,  or  rather,  that  heat  has  no 
efleft  whatever  upon  the  weights  of  bodies,  I  hxive  been  (u 
fcnfible  of  the  delicacy  of  the  inquiry  that  I  v/as  for  a  long 
time  afraid  to  form  a  decided  opinion  upon  the  fubjeft. 

Being  much  Ortick  with  the  experiments  recorded  in  tbio 
Tranfaclions  of  the  Royal  Society,  Vol.  LXXV.  n>ade  by 
Dr.  Fordyce^  upon  the  weight  iaid  to  be  acquired  by  water 
upon  being  frozen ;  and  being  pofTened  of  an  excellcirt  ba- 
lanccj  belontrincr  to  his  mo{t  Serene  Hiohnefs  the  Elc6tor 
Palatine  Duke  of  Bavaria,  early  in  the  beginning  of  ths 
winter  of  the  year  1787  (as  foon  as  the  eoM  was  fufficlently 
intenfe  for  my  purpofe)  I  fet  about  to  repeat  thofe  experi- 
ments, in  order  to  convince  myielf  whether  the  very  extraor- 
dinary facl  related  might  be  depaiKled  on;-  and  with  a  view 
to  removing,  as  far  as  was  in  my  power,  every  iburcc  of  error 
and  deception,  T  proceeded  in  the  following  manner : — 

Having  provided  a  number  of  glafs  bottles,  of  the  fornv  ana 
fize  cvf  what  in  England  is  caMcd  a  Florence  llaik  (blown  as 
thin  as  poflible)  and  of  the  fume  fliape  and  diraenfionsy  I 
chofe  out  from  amongft  thenl  two,  which,  after  niing  every 
method  I  could  imagine  of  comparing  them  together,  ap- 
peared to  be  fo  much  alike  as  hardly  to  be  diftinguifhed,' 

Into  one  of  thefc  bottles,  which  I  ihall  call  A,  I  put 
4107,-86  grains  troy  of  pure  dilVilled  water,  which  filled  it 
about  half  full ;  and  into  the  other,  B,  I  put  an  equal  weisjht 
of  weak  fpirlt  of  wine;  and,  fealing  both  the  bottles  her- 
metically, and  walking  them  and  wiping  them  pcrfctlly 
clean  and  dry  on  the  outfuk,  I  fufpended  them  to  the  avnw! 
of  the  balance,  and  placed  the  balance  in  a  large  room,' 
which  for  fome  weeks  had  been  regularly  heated  every 
day  by  a  German'  ftove,  and  in  which  the  air  was  kept  up 
to  the  tem|>erature  of  61°  of  Falireuheit's  thcrmximcter,  with 
very  little  variation.  Having  fuilercd  the  bottles^  with  their 
contents,  to  remain  in  this  fituation  till  I  conceived  they 

y  z  iftuit 


2^4  -^n  inquiry  concerning  the 

muft  have  acquired  the  temperature  of  the  circumambient 
air,  I  wiped  them  afrefli  with  a  very  clean  dry  cambric 
handkerchief,  and  brought  them  into  the  mod  exa6l  equi- 
librium poflible,  by  attaching  a  fmall  piece  of  very  fine  fiher 
wire  to  the  arm  of  the  balance,  to  which  the  bottle  which 
was  the  lighteft  was  fufpended. 

Having  fuffered  the  apparatus  to  remain  in  this  fituation 
about  tv.'elve  hours  longer,  and  finding  no  alteration  in  the 
relative  weights  of  the  bottles,  (they  continuing  all  this  time 
to  be  in  the  moft  perfe6l  equilibrium,)  I  now  removed  them 
into  a  large  uninhabited  room  fronting  the  north,  in  which 
the  air,  which  was  very  quiet,  was  at  the  temperature  of 
39''  F.,  the  air  without  doors  being  at  the  fame  time  at  27'; 
and,  going  out  of  the  room,  and  locking  the  door  after  me, 
I  fuffered  the  bottles  to  remain  forty-eight  hours,  undifturbed,. 
in  this  cold  fituation,  attached  to  the  arms  of  the  balance  as 
before. 

At  the  expiration  of  that  time  I  entered  the  room,  ufing 
the  utmoft  caution  not  to  difturb  the  balance,  when,  to  my 
great  furprife,  I  found  that  the  bottle  A  very  fcnfibly  pre- 
ponderated. 

The  water  which  this  bottle  contained  was  completely 
frozen  into  one  folid  body  of  Ice;  but  the  fpirit  of  wine,  in 
the  bottle  B,  fliewed  no  figns  of  freezing. 

I  now  very  cautioufly  reitored  the  equilibrium,  by  addino- 
fmall  pieces  of  the  very  fine  wire  of  which  gold  lace  is  made^ 
to  the  arm  of  the  balance  to  which  the  bottle  B  was  fuf- 
pended, when  I  found  that  the  bottle  A  had  augmented  its 
weight  by  x^^ot  P^'"*^  °^  '^^  whole  weight  at  the  beginning 
of  the  experiment;  the  weight  of  the  bottle  with  its  contents 
having  been  4811,23  grains  tr«y,  (the  bottle  weighing  70^,37 
grains,  and  the  water  4107,86  grains,)  and  it  requiring  now 
■x-ioo  parts  of  a  grain,  added  to  the  oppofite  arm  of  the  ba- 
lance, to  counterbalance  it.. 

Having  had  occafion  juft  at  this  time  to  w  rite  to  my  friend. 
Sir  Charles  Blagden,  upon  another  fubje6t,  1  added  a  poJft- 
fcript  to  my  letter,  giving  him  a  fhort  account  of  this  expe- 
ment,  and  telling  him  how  ^^  "jcry  ccnlraiy  to  my  cxpeBation' 
the  refult  of  it  bad  turned  out :  but  I  foon  after  found  that  I 
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^9,d  been  too  hafty  in  my  communication.  Sir  Charles,  in 
his  anfvver  to  my  letter,  cxpreflTed  doubts  refpefting  the  fa6t ; 
but,  before  his  letter  had  reached  me,  I  had  learned,  from 
mv  own  experience,  how  very  dangerous  it  is,  in  philofo- 
phicai  invettigations,  to  draw  conclufious  fr<im  fingle  expe- 
riments. 

Having  removed  the  balance,  with  the  two  bottks  attached 
to  it,  from  the  cold  into  the  warm  room,  (which  ftill  remained 
at  the  temperature  of  6[  ,)  the  ice  in  the  bottle  A  gradually- 
thawed  ;  and  being  at  length  totally  reduced  to  water,  and 
this  water  hiving  acquired  the  temperature  of  the  furround- 
ing  air,  the  two  bottles,  after  being  wiped  perfectly  clean  and 
dry,  were  foimd  to  weigh  as  at  the  beginning  of  the  experi* 
ment  before  the  water  was  frozen. 

This  experintent,  being  repeated,  gave  nearly  the  fame  re- 
fult,  the  water  appearing,  when  frozen,  to  l)e  heavier  than 
in  its  fluid  ftate  ;  but  ibme  irregularity  in  the  manner  in 
which  the  water  loft  the  additional  weight  which  it  had  ap- 
peared to  acquire  upon  being  frozen,  when  it  was  afterwards 
thawed,  as  alfo  a  fenfible  difference  in  the  quantities  of 
weight  apparently  acquired  in  the  different  experiments,  led 
me  to  fufpeft  that  the  experiment  could  not  be  depended  on 
for  deciding  the  fac^h  in  queftion :  I  therefore  fet  about  to 
repeat  it,  with  fome  variations  and  improvements: — but,  be- 
fore I  give  an  account  of  my  further  inveftigations  relative  to 
this  fubjeft,  it  may  not  be  amifs  to  mention  the  method  I 
purfued  foi-  difcovering  whether  the  appearances  mentioned 
in  the  foregoing  experiments  might  not  arife  from  the  im- 
perfeilions  of  my  balance;  and  it  may  likewi-fe  be  projier  to 
give  an  account,  in  this  place,  of  an  intermediate  experiment 
which  I  made,  with  a  view  to  difcover,  by  a  (liorter  route, 
and  in  a  manner  lefs  exceplionable  than  that  above-men- 
tioned, whether  bodies  adlually  lofe,  or  acquire,  any  weight, 
upon  acquiring  an  additional  quantity  of  latent  heat. 

My  fufpicions  refpefting  the  accuracy  of  the  balance  arof« 
from  a  knowledge  (which  I  acquired  from  the  maker  of  it) 
of  the  manner  in  which  it  was  conftru£ied. 

The  three  principal  points  of  the  balance  having  been  de- 
tennined,  as  nearly  as  poflible,  by  meafurement,  the  axes-  of 
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motion  were  firmly  fixed  in  their  places  in  a  right  line,  nncJ 
the  beam  beino-  afterwards  finifted,  and  its  two  arms  brouoht 
to  be  in  equilibrio,  the  balance  was  proved  by  fufpending 
weights,  which  before  were  known  to  be  exactly  equal,  to 
tlie  ends  of  its  arms. 

If  with  ihefc  weights  the  balance  remained  in  equilibrio,  it 
was  confidered  as  a  proof  that  the  beam  was  juft  ;  but,  if  one 
arm  was  found  to  preponderate,  the  other  was  gradually 
lengthened,  by  beating  it  upon  an  anvil,  until  the  difference 
of  the  lengths  of  the  arms  was  reduced  to  nothing,  or  until 
equal  weights,  fufpended  to  the  two  arms,  remained  in  equi- 
librio ;  care  beintj:;  taken,  before  each  trial,  to  bring  the  two 
ends  of  the  beam  to  be  in  equilibrio,  by  reducing,  wkh  the 
file,  the  arm  which  had  been  lengthened. 

Though  in  this  method  of  conltrufting  balances  the  mofl 
perfe6l  equality  in  the  lengths  of  the  arms  may  be  obtained,- 
and  confequently  the  greateH  pofliblc  accuracy,  when  ufed  at 
a  time  when  the  temperature  of  the  air  is  the  fame  as  when 
the  balance  was  made  ;  yet,  as  it  may  happen  that,  in  order 
to  bring  tiie  arms  of  the  balance  to  be  of  the  fame  lengthy 
one  of  them  may  be  much  more  hammered  than  the  other, 
I  fufpe6led  it  might  be  poffible  that  the  texture  of  the  metal 
formino-  the  two  arms  might  be  rendered  fo  far  different  by 
this-  operation  as  to  occafion  a  difference  in  their  expanfions 
with  heat ;  and  that  this  difference  might  occafion  a  fenfible 
error  in  the  balance,  when,  being  charged  with  a  great 
wei<'-ht,  it  fliould  be  expofed  to  a  confiderable  change  of 
temperature. 

To  determine  whctlicr  the  apparent  augmentation  of 
weight,  in  the  experiments  above  related,  arofe  in  any  de- 
gree from  this  caufc,  I  had  only  to  repeat  the  experiment^ 
caufing  the  two  bottles  A  and  B  to  change  places  upon  the 
arms  of  the  balance;  but,  as  I  had  already  found  a  fenlible 
difference  in  the  refults  of  ditferent  repetitions  of  the  fame 
experiment,  made  as  nearly  as  pollible  under  the  fame  cir- 
cixmfianccs,  and  as  it  was  above  all  things  of  importance  to 
afccrtain  the  accuracy  of  my  balance,  I  preferred  making  a 
particular  experiment  for  that  purpofe. 

My  firtt  idea  was,  to  fufpend  to  the  arms  of  the  balance,  by 

very 
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*'erv  fine  wire?,  two  equal  globes  of  glafs  filled  with  mer- 
cnty,  and,  fuffcring  them  to  remain  in  my  room  till  tiiey 
fhould  have  acquired  the  known  temperature  of  the  air  in  it, 
to  have  removed  them  afterward  into  the  cold,  and  to  have 
feen  if  they  ftill  remained  in  cquilibrio  under  fuch  difference 
of  temperature :  but,  confulcring  the  obCtinacy  with  whicTi 
nioifture  adheres  to  the  furface  of  glafs,  and  being  afraid 
that  fomehow  or  other,  notwithftanding  all  my  precautions, 
one  of  the  globes  might  actjuire  or  retain  more  of  it  than  tht 
other,  and  that  by  that  means  its  apparent  weight  might  hi. 
increafed  ;  and  having  found,  by  a  former  experiment,  of 
which  I  have  already  had  the  honour  of  communicating  an 
account  to  the  Royal  Society,  that  the  gilt  furfaces  of  metals 
<lo  not  attract  moidure  ;  inlkad  of  the  glafs  globes  filled  with 
mercury,  I  made  ufe  of  two  equal  folid  globes  of  brais,  well 
gilt  and  burniflied,  which  I  fufpended  to  the  anns  of  the 
balance  by  fine  gold  wires. 

Thefe  globes,  which  weighed  4975  grains  eich,  bein^- 
wipcd  perfectly  clean,  and  having  aec^uired  the  temperature 
(61  )  of  my  room,  in  which  they  were  expofcd  more  than 
twenty-four  hours,  were  brought  into  the  mod  fcrupulous 
equilibrium,  and  were  then  removed,  attached  to  the  arms 
of  the  balance,  into  a  room  in  which  the  air  was  at  the  tem- 
perature of  26'',  where  they  were  left  all  night. 

The  rcfuit  of  this  trial  furniflied  the  moft  fatisfaelory  proof 
of  the  accuracy  of  the  balance ;  for,  upon  entering  the  room, 
I  found  the  equilibrium  as  perfe6l  as  at  the  beginning  of  the 
experiment. 

Having  thus  removed  my  doubts  refpefting  the  accurac/ 
of  my  balance,  I  now  refumed  my  inve(tigations  relative  to 
the  augnricntation  of  weight  which  fluids  have  been  laid  to 
acquire  upon  being  congealed. 

In  the  experiments  which  I  had  made,  I  had,  as  I  then, 
imagined,  guarded  as  much  as  poflible  againft  every  fource 
of  error  and  deception.  The  bottles  being  of  the  fame  fize, 
neither  any  occafioual  alteration  in  the  prefigure  of  the  atmo- 
fphere  during  the  experiment,  nor  the  necelTary  and  unavoid* 
able  difference  in  the  denfities  of  the  air  in  the  hot  and  in 
the  cold  foonis  in  whictj  they  were  weighed,  cpuld  affccl 
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their  apparent  weights ;  and  their  fhapes  and  their  quantities 
of  farface  being  the  fame,  and  as  they  remained  for  fuch  a 
confiderable  length  of  time  in  the  heat  and  cold  to  which 
they  were  expofed,  I  flattered  myfelf  that  the  quantities  of 
TOoifture  remaining  attached  to  their  furfaces  could  not  be  fo 
different  as  fenfibly  to  efT"e6l  the  refults  of  the  experiments. 
But,  in  regard  to  this  lad  circumftance,  T  afterwards  found 
reafon  to  conclude  that  my  opinion  was  erroneous. 

Admitting  the  faft  ftated  by  Dr.  Fordyce,  (and  which  my 
experiments  had  hitherto  rather  tended  to  corroborate  than 
to  contradicl,)  I  could  not  conceive  any  other  caufe  for  the 
augmentation  of  the  apparent  weight  of  water,  upon  its  being 
frozen,  than  the  lofs  of  fo  great  a  proportion  of  its  latent 
heat  as  that  fluid  is  kn-own  to  evolve  when  it  congeals;  and 
I  concluded,  that  if  the  lofs  of  latent  heat  added  to  the  weight 
of  one  body,  it  niuft  of  neccfliLv  produce  the  fame  efl'ecl  on 
ano-ther,  and  confequently,  that  the  augmentation  of  the 
<juantity  of  latent  heat  mult,  in  all  bodies,  and  in  all  cafe.=, 
diminirti  their  apparent  weights. 

To  determirte  whether  this  is  actually  the  cafe  or  not,  I 
made  the  following  experiment : — 

Having  provided  two  bottles,  as  nearly  alike  as  poffible, 
and  in  all  refpefts  fimilar  to  thofe  made  ufe  of  in  the  expe-r 
riments  above-mentioned,  into  one  of  tihem  I  put  4012,46 
grains  of  water,  and  into  the  other  an  equal  weight  of  nier- 
curv;  and  fealing  them  hermetically,  and  fufpending  them 
to  the  arms  of  the  balance,  I  fufi'cred  them  to  acquire  the 
temperature  of  my  room,  61°;  then,  bringing  them  into  a 
perfett  equilibrium  with  each  other,  I  removed  them  into  a 
room  in  which  the  air  was  at  the  temperature  of  34°,  where 
they  remained  twenty-four  hours.  But  there  was  not  the  leafl 
appearance  of  either  of  them  acquiring  or  lofing  any  weight, 

ile\"e  it  is  very  certain  that  the  quantity  of  heal  loft  by  the 
water  mud  have  been  very  confiderably  greater  than  that  loft 
bv  the  mercury,  the  fpecifid  quantities  of  latent  heat  in  water 
and  in  mercury  having  been  determined  to  be  to  each  other 
^s  1000  to  33 ;  but  this  ditl'erence  in  the  quantities  of  heat 
loft,  produced  no  feiUible  difference  on  the  weights  of  the 
fluids  in  queftioji, 

Had 
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Had  ally  difference  of  weight  really  exifted,  had  it  been  no 
inore  than  one  milhontt?  part  of  the  weight  oi  either  of  the 
Huids,  I  ftioiild  certainly  have  difcovered  it ;  and,  had  it 
amounted  to  io  much  as  -j-oo'oco  part  of  that  weight,  I  fliould 
have  hcen  able  to  have  meafured  it :  fo  fenfible,  and  fo  very 
accurate,  is  the  balance  which  I  ufed  in  thefe  experiments. 

I  was  now  much  confirmed  in  my  fufpicions,  that  the  ap- 
parent augmentation  of  the  weight  of  the  water  upon  its 
being  frozen,  in  the  experiments  before  related,  arofe  fromfome 
accidental  caufe ;  but  I  was  not  able  to  conceive  what  that 
caufe  could  poflibl v  be, — unlefs  it  were  either  a  greater  quantity 
of  moifture  attached  to  the  external  furface  of  the  bottle 
which  contained  the  water,  than  to  the  furface  of  that  con- 
taining the  fpirits  of  wine, — or  fome  vertical  current  or  cur- 
rents of  air,  caufed  by  the  bottles,  or  one  of  them,  not  being 
exadlly  of  the  temperature  of  the  furrounding  atmofphere. 

Though  I  had  forefeen,  and,  as  I  thought,  guarded  fufli- 
ciently  a2;ainft  thefe  accidents,  by  making  ufe  of  bottles  of 
the  fame  fize  and  form,  and  which  were  blown  of  the  fame 
kind  of  glafs,  and  at  the  fame  time,  and  by  fuffering  the  bot- 
tles in  the  experiments  to  remain  for  fo  confiderable  a  length 
of  time  expofed  to  the  different  degrees  of  heat  and  of  cold, 
which  alternately  they  were  made  to  acquire;  yet,  as  I  did 
not  know  the  relative  condufting  powers  of  ice,  and  of  fplrit 
of  winie,  with  refpeft  to  heat;  or,  in  other  words,  the  degrees 
of  facility  or  difficulty  with  which  they  acquire  the  tempera- 
ture of  the  medium  in  which  they  are  expofed,  or  the  time 
taken  up  in  that  operation;  and,  confequently,  was  not  ahfo- 
iutely  certain  as  to  the  equality  of  the  temperatures  of  the^  con- 
tents of  the  bottles  at  the  tin)e  when  their  weights  were  com- 
pared, I  determined  now  to  repeat  the  experiments,  with  fuch 
variations  as  lliould  put  the  matter  in  queftion  out  of  all 
doubt. 

I  was  the  more  anxious  to  aflure  myfelf  of  the  real  tempe- 
ratures of  the  bottles  and  of  their  contents,  as  any  difference 
in  their  temperatures  might  vitiate  the  experiment,  not  only 
by  cdufing  unequal  currents  in  the  air,  but  alfo  by  caufing, 
at  the  fame  time,  a  greater  or  lefs  quantity  of  moifture  to 
remain  attached  to  the  8.1afs. 

Vol.  V.  ^        Z  To 
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To  venieily  tlicfc  evils,  and  alfo  to  render  the  cxpcrlinent 
more  ftriklng  and  fatisfatSlory  in  other  refpc6ls,  I  procecd'.;d 
ill  the  following  manner: — 

Having  provided  three  hotlle;?,  A,  B,  and  C,  as  ncaiKr 
aiike-as  poflibic,  and  rcfcnibling  in  all  rcfpccls  thofe  already 
defcribed  J  into  the  firfl,  A,  I  put  4214.28  grains  of  water, 
and  a  fmall  thermometer,  made  on  pnqDofe  for  the  experi- 
ment, and  fulpended  in  the  bottle  in  Inch  a  manner  that  its 
bulb  remained  in  the  middle  of  the  mals  of  water;  into  the 
fccond  bottle,  B,  I  put  a  like  weight  of  Ipirit  of  wine,  with  a 
like  thermometer ;  and,  hito  the  bottle  C,  I  put  an  eijiial 
weight  of  mercury. 

Thefc  bottles,  being  all  hermetically  fealed,  were  placed 
in  a  large  room,  in  a  corner  far  removed  from  the  doors  and 
windows,  and  where  the  air  appeared  to  be  perfe61:Iy  quiet ; 
and,  being  fufl'ercd  to  remain  in  this  fituation  more  than 
twenty-four  hours,  the  heat  of  the  room  ('^1°)  being  kept  up 
all  that  time  with  as  little  variation  as  poflible,  and  the  con- 
tents of  the  bottles  A  and  B  appearing,  by  their  inelofed 
thermometers,  to  be  exactly  at  the  fame  temperature,  the 
bottles  were  all. wiped  with  a  very  clean,  drv,  cambric  hand- 
kerchief; and,  being  afterwards  fuflcred  to  remain  expoftd 
to  the  free  air  of  the  room  a  couple  of  hours  longer,  in  order 
that  any  inequalities  in  the  quantities  of  heat,  or  of  the  moif- 
ture  attached  to  their  furfaces,  which  might  have  been  occa- 
lioned  by  the  wiping,  might  be  corrected  by  the  operation 
of  the  atmofphere  by  which  thev  were  furrounded,  they  were 
all  weighed,  and  were  brought  into  the  moft  exa6l  equili- 
brium with  each  other  bv  means  of  fmall  pieces  of  verv  tine 
lilver  wire  attached  to  the  necks  of  thofe  of  tlie  boltlcs  which 
were  the  light  eft. 

This  being  done,  the  bottles  were  all  removed  into  a  room 
in  which  the  air  was  at  30%  where  they  were  fufiered  to  re- 
main, jxirleclly  at  red:  and  undiilurbcd,  fortv-eight  hours ; 
the  bottles  A  and  B  being  fufpendcd  to  the  arms  of  the  ba- 
lance, and  the  bottle  C  fufpended,  at  an  equal  height,  to  the 
arm  of  a  (land  conftrufted  for  tliat  purpofe,  and  placed  as 
near  the  balance  as  poflible,  and  a  very  fenfible  tliermometer 
fufpendcd  by  the  fide  of  it. 

At 
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At  ihr  end  of  fortv-eight  hours  (dnrinpr  which  time  the 
apparatus  was  left  in  this  lltuation)  I  entered  the  room,  open- 
ing the  door  very  gently  for  fear  of  di(hirl)h\g  the  balance; 
when  I  liad  the  pleafurc  to  llnd  tlie  three  thermometers,  inz. 
that  in  the  hottle  A,  which  was  now  ineloied  in  a  folid  cake 
of  ice,  that  in  the  bottle  B,  and  that  fufpcnded  in  the  open 
air  of  the  rooni,  all  Handing  at  llie  iame  point,  29*^  F.,  and 
the  bottles  A  and  B  rcmainJng  hi  the  viojl  pcrfett  eqmVibr'inm. 

To  afliire  myfelf  that  the  plav  of  the  balance  was  free,  1 

now  approached  it  very  gentlv,  and  eanfcd  it  to  vibrate  j  and 

I   had  the  lalisfaftion  to  llnd,  not  only  that  it  moved  wiih 

,thc  utmoll  freedom,  but  alio,  when  its  vibration  ceafed,  that 

it  reiled  preeiielv  at  the  point  from  which  it  had  fet  out. 

1  now  removed  the  bottle  B  from  the  balance,  and  put  the 
bottle  C  in  its  place ;  and  I  found  that  that  likewife  remained 
of  the  fame  apparent  weight  as  at  the  beginning  of  the  expe- 
rinicnt,  being  in  the  fame  perfect  equilibrium  with  the  bot- 
tle A  as  at  firft. 

I  afterwards  removed  the  whole  apparatus  into  ~a  warm 
room,  and,  caufing  the  ice  in  the  bottle  A  to  thaw,  and  dif- 
fering the  three  bottles  to  remain  till  they  and  their  contents 
hail  aecjuired  the  exact  temperature  of  the  furroundincj  air,  I 
wiped  tlicm  verv  clean,  and,  comparing  them  together,  I 
found  their  weights  remained  unaltered. 

This  experiment  I  afterwards  repeated  fevcral  limes,  and 
always  with  precifely  the  fame  refult ;  the  water,  h:  //v  m- 
Jlancc,  appearing  to  gain  or  to  lofe  the  lead  weight  upon 
being  frozen,  or  upon  being  thawed ;  neither  were  the  rela- 
tive weights  of  the  fluids  in  either  of  the-other  bottles  in  the 
leaft  changed,  by  the  various  degrees  of  heat,  and  of  cold,  to 
which  they  were  expofed. 

If  the  bottles  were  weighed  at  a  time  when  their  contenU 
were  not  fri'cifely  of  the  fame  temperature,  they  would  fre- 
quently appear  to  have  gained,  or  to  have  loft,  fomethina;  of 
their  weights  ;  but  this  doubtlefs  arofe  from  the  vertical  eur- 
rents  which  thevcaufed  in  the  atmofphere  upon  being  heated 
or  cooled  in  it;  or  to  unequal  quantities  of  niuillure attached 
to  the  furfaces  of  the  bottles 5  or  to  botli  ihefe  caufes  cpe- 
raling  together, 

Z  -2,  As 
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As  I  knew  that  the  conducing  power  of  mercury,  with 
refpe6l  to  heat,  was  conficlerably  greater  than  either  that  of 
water  or  that  of  fpirit  of  wine,  while  its  capacity  for  receiv- 
ing heat  is  much  lefs  than  that  of  either  of  them,  I  did  not 
think  it  ncccfTary  to  inclofe  a  thermometer  in  the  bottle  C, 
which  contained  the  mercury;  for  it  was  evident  that  wher; 
the  contents  of  the  other  two  bottles  fliould  appear,  by  their 
thermometers,  to  have  arrived  at  the  temperature  of  the  me- 
dium in  which  they  were  expofed,  the  contents  of  the  bottle 
C  could  not  fail  to  have  acquired  it  alfo,  and  even  to  have 
arrived  at  it  before  them  ;  for,  the  time  taken  up  in  the  heat- 
ing or  in  the  cooling  of  any  body^  is,  ctsteris  paribus,  as  the 
capacity  of  the  body  to  receive  and  retain  heat  dircBly,  and 
as  its  conducing  power  inverfely. 

The  bottles  were  fufpended  to  the  balance  bv  filver  wires, 
about  two  inches  long,  with  hooks  at  the  ends  of  them  ;  and, 
in  removing  and  changing  the  bottles,  I  took  care  not  ta 
touch  the  glafs.  T  likewifc  avoided,  upon  all  occafions,  and 
particularly  in  the  cold  room,  coming  near  the  balance  with 
my  breath,  or  touching  it,  or  any  part  of  the  apparatus,  with 
my  naked  hands. 

Having  determined  that  M'ater  does  not  acquire  or  lofe  any 
weight  upon  being  changed  from  a  ftate  o^  Jiiiidity  to  that  of 
ice,  and  vice  verfd,  I  Oiall  now  take  my  final  leave  of  a  fub- 
je6l  which  has  long  occupied  me,  and  which  has  cod  me 
much  pains  and  trouble  ;  being  fully  convinced,  from  the 
refuhs  of  the  above-mentioned  experiments,  that  if  heat  be 
in  fact  ^  fuhjiance,  or  matter,  (a  fluid y^i  ^fwrm,  as  has  been 
fuppofed,)  which,  pafling  from  one  body  to  another,  and. 
being  accumulated,  is  ,the  immediate  caufe  of  the  phasno- 
mena  we  obfcrve  in  heated  bodies,  (of  which,  however,  I 
cannot  help  entertaining  doubts,)  it  muft  be  fomeihing  fo 
infinitely  rare,  even  in  its  niofl  condcnfed  ftatc,  as  to  baffle  all 
our  attempts  to  difcover  its  gravity.  And,  if  the  opinion  which 
has  been  adopted  by  many  of  our  ablefl:  philofophers,  that 
heat  is  nothing  more  than  an  inteftine  vibratorv  motion  of 
the  conftitucnt  parts  of  heated  bodies,  fhould  be  well  founded, 
it  is  clear  that  the  weights  of  bodies  can  in  nowile  be  affe6led 
by  fuch  motion. 

It 
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It  is,  no  doubt,  upon  the  fuppofition  that  heat  is  a  fub- 
ilance  cli(lin<^l  from  the  heated  body,  and  wliich  is  accumu- 
lated in  it,  that  all  the  experiments  which  have  been  under- 
taken with  a  view  to  determme  the  weight  which  bodies  have 
been  fuppofcd  to  gain,  or  to  1(^0%  upon  being  heated  or  cooled, 
have  been  madej  and  upon  this  fuppofition  (but  without, 
however,  adopting  it  entirelv,  as  I  do  not  conceive  it  to  be 
fufficienlly  proved,)  all  my  refearches  have  been  directed. 

The  experiments  with  water,  and  with  ice,  were  made  in 
a  manner  which  I  take  to  be  perfecSlly  unexceptionable ;  in 
which  no  ff.^reign  caufe  whatever  could  affecl  the  refults  of 
them ;  and  the  quantity  of  heat  which  water  is  knovyn  to 
part  with,  upon  being  frozen,  is  fo  confiderablc,  that  if  this 
lofs  lias  no  etfeft  upon  its  apparent  weight,  it  may  be  pre- 
fumed  that  we  fliall  never  be  able  to  contrive  an  experiment 
bv  which  we  can  render  the  weight  of  heat  fenfible. 

Water,  upon  being  frozen,  has  been  found  to  lofe  a  quan- 
tity of  heat  amounting  to  140  degrees  of  Fahrenheit's  ther- 
mometer; or,  which  is  the  fame  thing,  the  heat  which  a 
given  quantity  of  water,  previoufly  cooled  to  the  temperature 
of  freezing,  aftually  lofes,  upon  being  changed  to  ice,  if  it 
were  to  be  imbibed  and  retained  by  an  equal  quantity  of 
water,  at  the  given  temperature,  (that  of  freezing,)  would 
heat  it  140  degrees,  or  w'ould  raife  it  to  the  temperature  of 
(32"  +  140)  162'  of  Fahrenheit's  thermometer,  w^hich  is 
only  60"  fliort  of  that  of  boiling  water;  confequently,  any- 
given  quantity  of  water,  at  the  temperature  of  freezing,  upon 
being  actually  frozen,  lofes  almoll  as  much  heat  as,  added 
to  it,  would  be  fufficient  to  make  it  boil. 

It  is  clear,  therefore,  that  the  diflerence  in  the  quantities 
of  heat  contained  by  the  water  in  its  fluid  ftate,  and  heated 
to  the  temperature  of  61''  F.,  and  by  the  ice,  in  the  experi- 
ments before- mentioned,  was  at  •! eoji  .na^rly  equal  to  that 
between  water  in  a  llate  of  boiling,  and  the  fame  at  the  tem- 
perature of  freezing. 

But  this  quantity  of  heat  will  appear  much  more  confider- 
able,  when  we  confider  the  great  capacity  of  waier  to  contain 
heat,  and  the  great  apparent  effect  which  the  heat  that  v^-ater 
lofes  upon  being  frozen  would  produce,  were  it  to  be  im- 
bibed 
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bibed  by,  or  coiDmunicated  to,  any  body  whofe  po-Acr  ot 
receiving  and  retaining  heat  is  much  lefs. 

The  ca^iacity  of  water  to  receive  and  rctaii>  heat,  of  what 
h:ts  been  called  its  fpecitic  quantity  of  latent  heat,  has  been 
fb«nd  to  be  to  that  of  gold  as  looo  to  50,  or  as  20  to  i ; 
confequently,  the  hertt  which  any  given  quantity  of  water 
lofes  upon  being  frozen,  wi-re  it  to  be  communicated  to  an 
equal  weight  of  gold  at  the  ten>i>er3ture  of  freezing,  th« 
gold,  inftead  of  being  heated  162  degrees,  would  be  heated 
140  X  20  =  28-00  degrees,  or  would  be  raifed  to  a  bright  red 
heat. 

It  appears  therefore  to  he  clearly  proved,  bv  my  experi- 
ments, that  a  quantity  of  heat  equal  to  that  which  4214. 
grains  (or  about  9I  oz.)  of  gold  would  require  to  heat  it  from 
the  tcmperatvire  of  freezing  water  to  be  red  hot,  has  no  fenfiblc 
effect  ujwn  a  balance  capable  of  indicating  fo  fmall  a  varia- 
tioVx  t>f  weight  as  that  of -p^ggg-^-g,  part  of  the  body  in  quef- 
tion;  and  if  the  weight  of  gold  i§  neither  augmented  nor 
iefTened  by  om  miUhnth  part,  upon  being  heated  from  tlie 
point  oi Jreszing  wafer  to  that  of  a  bright  red  heat,  I  think 
we  may  very  faff;)y  conclude,  tliat   all   attempts  T6> 

DISCOVER  ANY  EFFECT  OF  HEAT  UPON  THE  APPA- 
RENT  WEIGHTS    OF   BODIES   WILL   B.E    FRUITLESS. 


3^^  Extract  from  the  Report  refpeBing  Expenmrn/j  made  i.^^ 
the  Polytechnic  School  in  the  Years  V.  aiid  VI.  'j-n  the  Cam^ 
hujlion  of  the  Diamond.     By  C.  GuytOiN. 
[Concluded  from  Page  61.} 
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.FTEK  examining  what  means  were  moft  proper  for  pre- 
venting the  veiTels  from  cracking  by  the  inequality  of  their 
dilatation,  it  was  found  that  there  were  none  7'nore  certain 
th-an  to  cmplov,  inftead  of  a  glaf;?  bell,  a  well-chofen  globe 
of  a  moderate  thicknefs,  and  of  fach  a  lizc  that  its  furfece 
might  he  at  a  faflicient  diilance  from  the  point  of  she  Kmn'- 
nous  cone- 


en  the  ComhnJ}'ton  of  the  DiamoncL  275 

The  r-lobe  which  wc  judged  bed  for  ani'wcrlng  thefe  con- 
^Vitioiis  was  28-&3  centimetres  in  diameter :  its  content  was 
i-i-^'^^  decilitres,  or  12,325  cubic  centimetres,  comprehend- 
Nig  that  portiou  of  the  neck  which  it  was  thought  proper  ta 
retain,  and  w  hich  was  159  milHmclres.  That  we  might  the 
more  ea(ily  oblerve  the  riling  and  faUing  of  the  mercury  in 
the  iniide,  and  thence  determine  the  volumes  of  gas,  we  ce- 
mented on  the  outfide  flips  of  paper,  on  which  we  traced, 
by  means  of  meafured  vefl'els,  feales  indicating  decihtres,  or 
or  100  cubic  centimetres. 

It  may  be  readily  conceived,  that  it  was  not  poffible  to  fill 
fo  frail  a  vcflel  with  mercury  in  order  to  difplace  it  afterwards 
bv  oxygen  gas.  In  transferring  the  gas  by  means  of  water, 
we  fhould  have  been  obliged  to  leave  a  portion  of  that  liquid 
on  the  interior  fide  of  the  vcO'el.  Wc  determined,  therefore, 
to  convey  the  gas,  at  the  moment  when  it  was  difengaged 
^  from  the  oxygenated  muriat  of  pot-afti,  by  means  of  a  tube 
adapted  to  the  diftilling  apparatus,  and  made  to  defcend  to  the 
bottom  of  the  globe  in  fuch  a  manner  that  the  common  air 
(hould  be  forced  to  ifluc  from  the  globe  by  another  pipe  fixed 
in  the  ftopper  of  the  orifice,  and  communicating  wiih  the 
pneumatic  tub. 

This  procefs  is  cxaAly  the  Inverfe  of  that  which  I  propofed 
iji  my  work  on  aiiroftats*,  to  fill  a  balloon  of  inflexible  mat- 
ter with  hydrogen  gas.  It  was  founded  on  the  fame  princi- 
ple— the  difference  of  the  fpecific  gravity  of  the  two  fluids. 
Mere  it  had  the  advantage  of  leaving  the  veflel  perfedlv  clean; 
an  important  condition,  and  which  it  is  fo  diilicult  to  obtain 
when  air  is  expelled  by  mercury* 

It  was  readily  forcfeen  that  the  firfi:  portions  of  the  oxveeii 
gas  would  become  mixed  with  the  atmofpheric  air,  and  that 
it  would  be  neceflary  to  difplace  this  mixture  fcveral  times  by 
new  quantities  of  oxygen  gas,  that  no  more  azotic  gas  might 
remain  in  it,  or,  at  leafl:,  that  the  remaining  quantity  fliould 
be  fo  fmall  as  to  be  incapable  of  having  a  fenflble  eiTecl  on 
the  rclults  of  the  expermient.  We  had  even  contrived  means 
to  determine  it,  by  receiving  under  the  pneumatic  bell  the 

•  D'.-fcription  de  racroftat  de  D"''on,  ^c. 

hit 
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laft  portions  difplacud,  that  we  might  fubjecl  them  to  i. 
eudiometric  proof. 

With  this  view  xye  employed  1 3  decigrammes  (about  fix 
ounc'js)  of  the  oxygenated  mtiiiatof  pot-afh,  which  were  put 
into  a  retort,  at  once  to  farnifh,  at  one  operation,  the  wliole 
quantity  of  the  gas  ncceirary  for  this  renewal. 

Thofe  who  have  not  tried  themfelves  this  method  of  fub- 
ftituting  one  aeriform  fluid  for  another,  might  entertain  fome 
doubt  refpefting  the  purity  of  that  employed  in  our  experi- 
ment j  but  it  will  be  cafy  for  mc  to  remove  it.  This  was  ari 
article  of  fo  much  importance  that  we  could  not  negle6l  at- 
tempting to  colle6t  proofs  of  it. 

We  know  with  what  fuccefs  M.  Humboldt  applied  to  the 
improvement  of  cudiomctry.  The  intereft  which  he  took  in 
our  experiment  induced  me  to  invite  him  to  come  and  deter- 
mine himfelf  with  thofe  inftruments,  and  by  thofe  procefles, 
which  were  familiar  to  him,  the  purity  of  the  oxygen  gas  in 
which  the  combuftion  was  to  take  place.  He  readily  ac- 
cepted my  invitatiori,  as  I  had  reafon  to  expefl,  from  his  well 
known  zeal  for  the  progrefs  of  fcience;  j^nd  this  article  of 
our  report  is  the  production  of  his  pen.  I  had  likewife  the 
fatisfaftion  of  feeing  him  apply  eudiometric  inftruments  tcj 
the  examination  of  the  refiduum  of  the  gas  after  the  com- 
buftion. The  following  is  the  refult  of  the  proofs  to  which 
he  fubje6led  that  introduced  into  the  apparatus  to  fervc  for 
the  combuftion: — 

Nitrous  gas,  difengaged,  by  means  of  copper,  from  weak 
nitric  acid,  was  tried  with  fulphat  of  iron  and  oxygenated 
muriatic  acid,  which  fliewed  in  it  from  o*oo  to  O'lo  of  azot. 
One  hundred  parts  of  oxygen  gas  received,  towards  the  mid- 
dle of  the  operation^  as  it  iiTued  fi*om  the  globe,  in  which  we 
had  propo'ed  to  difplace,  in  fucccffion,  connnon  air  by  oxygen 
gas,  were  mixed  with  300  parts  of  this  nitrous  gas :  there 
"Was  an  aeriform  refiduum  of  o'66 :  making  allowance  for 
0*27  or  0"30  of  azot,  pre-exifting  in  the  nitrous  gas,  we 
judged  that,  in  100  parts  of  gas  tried,  there  were  ftill  36  of 
azotic  gas. 

We  then  continued  to  introduce  into  th<^  globe  frefli  oxy- 
gen gas.  We  colledled  towards  the  end  a  portion  which  wa? 
9  fubje6led 
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fubjccled  to  the  fame  proof,  in  the  fame  proporlions,  with 
the  fame  nitrous  gas.  The  re{i(,1uum  thia  time  was  only  30 
parts;  atid  as  the  300  of  nitrous  gas  employee^  contained 
nine  or  ten  parts  for  -°  of  az  A,  •.  e  concluded  that  this  oxy- 
gen gas  was  quite  pure. — Thefe  arc  the  words  of  AL  Hum- 
boldt. 

When  this  firrt  condition  was  fulfilled,  the  queftion  then 
was  to  place,  in  the  centre  of  this  globe,  the  diamond  def- 
tined  for  the  experiment.  We  had  previoufly  formed  a  fmall 
cup  of  th'j  lower  portion  of  a  furnace-pipe,  the  tube  of  which, 
five  centimetres  in  length,  was  fixed  to  an  iron  ftalk,  and  this 
ftalk  was  ftuck  into  a  cylinder  of  cork  deftined  to  be  infcrted 
in  the  neck  of  the  balloon.  This  cork  was  dipped  in  maftic 
to  fliut  its  pores,  and  a  fmall  glafs  tube  pafled  through  it  to 
edablifli  a  communication  between  the  infide  of  the  balloon 
and  the  mercurial  tub.   (See  fig.  2.  Plate  II.) 

We  then  placed  the  diamond  on  the  cup,  w  here  we  left  it, 
liaving  put  it  there  by  means  of  a  ribbon,  which  we  drew  from 
under  it  in  an  inftant,  as  foon  as  the  balloon  had  been  in- 
verted, and  its  neck  immerfed  in  the  mercury.  The  balloon 
in  this  pofition  was  made  faft  in  a  kind  of  collet,  which 
reded  on  the  edges  of  an  iron  mortar  that  ferved  as  a  hy- 
drargyro-pneumatic  tub.  We  then  exhaufted,  by  fu<5lion,  a 
portion  of  the  oxygen  gas  fuffieient  to  make  the  mercury 
rife  to  13  centimetres  above  the  orifice  of  the  balloon. 

The  diamond  was  the  fame  that  had  been  already  expofed 
to  the  a£lion  of  the  folar  fire  towards  the  end  of  the  experi- 
riient  of  the  preceding  year,  and  which  had  loft  only  two 
deei-milligrammcs,  and  eonfequently  weighed  199.9  milli- 
grammes (3'766  grains),  or  one  carat  wanting  -^'^  *. 

On  the  5th  Fru6tidor  laft  year,  at  one  in  the  afternoon, 
we  began  to  throw  upon  the  diamond  the  focus  of  the  laroe 
lens  of  the  National  Inftitute.  The  thermometer,  expofed  to 
the  fun  under  a  bell-glafs,  indicated  3975  :  the  mercury  in 
the  barometer  flood  at  75*89  centimetres,  (28  inches  0-5 
lines.)  The  volume  of  air,  inclofed  by  means  of  the  mer- 
cury in  the  tub,  brought  to  iheprefiTure  of  7577  millime- 

•  It  ii  well  known  that  the  c-.iat  of  the  jewellers  is  o.-.Iy  zoy-,i  mii!:- 
gramnies. 

Vol.  V,  A  a  ire? 
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tres  (^8  iaches),  and  to  the  mean  tenipcratur'j  of  12*5  de- 
grees of  the  deeimal  thcrmouK-tcr,  accordi»ig  to  the  experi- 
ments of  Cit.  Piicicr,  and  the  tables  of  Cit.  Prony*,  was 
then  found  to  be  11,470  cubie  ecntimetref. 

Having  taken  the  neccflary  precautions  to  heat  gradually 
the  balloon,  the  point  of  the  luminous  cone  being  almoii  \n 
the  centre,  we  were  obliged  to  cover  with  a  glafs  plate  tht 
wooden  fupportcr,  which  was  already  on  fire.  The  diamond 
firft  exhibited  a  black  point  at  the  angle  immediately  ftruck 
by  the  fun.  We  afterwards  faw  it  entirely  black,  and  as  it 
were  charred  :  we  difLinftly  perceived,  a  moment  after,  bril- 
liant points  in  a  ftate  of  ebullition,  as  it  were,  on  the  black 
ground.  The  folar  rays,  having  been  for  a  moment  inter- 
cepted, it  appeared  tranfparently  red.  The  fun  becoming 
oblcured  by  a  cloud,  we  faw  it  of  a  much  purer  wliite  than 
it  had  been  at  the  connnenccment  of  the  operation. 

The  fun  having  emerged  from  the  cloud,  the  furface  of  l);s 
diamond  affumed  the  appearance  of  metalhc  fplendour :  it 
was  then  feniibly  dinriuiflied,  and  there  rcniained  no  more 
than  a  quarter,  of  a  lengthened  form,  without  angles  or  per- 
ceptible edges,  but  ftill  very  white,  and  of  a  beautiful  tranf- 
parency.  We  obferved  a  (light  fiirurc  at  the  bottom  of  the 
pipe  whicli  fnnportcd  it,  but  without  any  feparalion  of  the 
parts.  I  muft  not  forget,  that  at  the  conmiencement  of  the 
cojnbuRion  we  thought  we  obferv  ed  a  purpurefcentconc  arifing 
from  the  fup{)ort  in  the  pen.cil  of  the  folar  ravs;  but  this  phe- 
nomenon was  only  an  optical  effect,  which  depended  on  the 
pofition  of  the  obferver. 

The  whole  appuratns  was  left  in  the  fame  flate,  only  de- 
fended by  an  inverted  box  placed  over  it,  until  the  7th,  when 
we  aoaiu  began,  at  one  hour  twentv  minutes,  to  prefent  the 
diamond  to  the  focus.  We  foon  obferved  the  fame  j)heno- 
mena  as  on  the  5th,  the  black  furface,  the  brilliant  points  in 
ebullition,  which  vaniflied  and  re-appeared  according  to  the 
inteafity  of  the  focus :  we  faw  alfo  a  brilliant  metallic  ap- 
pearance, or  rather  leaden-colour.  This  is  the  expreOion 
which  the  aili Hants  employed  to  chara6i;erife  this  phenome- 
non.    At  one  hour  forty' minutes  the  diamond  was  entirely 
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cnnr.ime.l.  We  at  llrit  fufpcctcd  that  there  Itill  remained  a 
brilliant  ]iarticle;  but  we  loon  judged  that  it  was  a  vitrified 
point  of  the  fupport,  wliich  was  eonfinned  on  inipccling  the 
pipe  wiiLii  drawn  troui  the  L':i()')e.  The  queition  now  was 
to  coUcct  the  products  of  the  eonihullion.  No  means  ibenicd 
like!)-  to  be  attended  with  more  ccrlainty  than  to  introduce 
water  of  iiuiTte,^  iiito  tlie  apparatus,  taking  care  to  adhere,  as 
nearly  as  pt^lTiljIe,  to  the  i)roportions  indicated  for  tlie  fatu- 
ration  of  the  carbonic  acid,  which  we  fuppofcd  myft  have 
been  formed  to  prevent  the  uncertainty  which  the  excefs  of 
this  re-agcnt  might  oecaiion  in  the  refults.  The  whole  ap- 
paratus beino"  removed  into  tlic  (hade,  we  began  on  the  gfli 
to  draw  out. the  nine  wliicli  ferved  as  a  fupport,  and  obferved 
on  it  two  flight  lill'ures  occafioned  bv  the  contraction,  and  a 
Ijiot  of  four  or  five  millimetres  in  diameter,  the  centre  of 
\\hich  had  a  vitreous  appearance,  and  its  f^.^z'^i,  a  rcddifli  hue. 
Ow  examining  it  with  a  maguif\ing  glafs,  we  obferved  at  the 
lowcii  point  a  fpace  of  two  or  three  millimetres  diameter,  the 
furbce  of  which  was  really  vitrified,  but  of  a  tarniihed  and 
vmequal  colour.  We  diitip.guifhed  a  particle  of  white  glafs, 
pure  and  brilliant,  formed  into  a  globule  fomc  fmaller  por- 
tions of  the  i'ame  nature,  and  two  fmall  globules  of  a  vitrcoui 
lubdanee,  which  had  a  greenilh  red  colour. 

On  one  fide  we  obferved  on  the  edges  feveral  other  verv 
fmall  globules  interfperfed  in  ayellowifii  ground,  and  on  the 
oppofite  a  (light  tinge  of  verv  brigiit  red  with  veiy  fmall  red- 
didi  points.  A  particle  of  white  earthy  matter  was  at  fird 
taken  for  a  fragment  detached  from  the  edges  of  the  P'ipe, 
but  it  was  found  friable,  and  aieertained,  by  the  ftain  it  left 
on  gold,  to  be  oxyd  of  mercury.  This  examination  beino- 
finifhed,  we  introduced  into  the  globe  five  meafures  of  fatu- 
ratcd  water  of  barytes,  each  of  46"5  cubic  centimetres.  The 
liquor  immediately  aifumed  a  milky  appearance,  and  there 
was  a  diminution  in  the  volume  of  gas,  which,  calculated  by 
ipcans  of  the  attached  paper  fcalc,  amounted  nearly  to  300 
cub.'e  centimetres.  Thus  we  might  Hop  here  and  confider 
the  experiment  as  terminated,  and  by  making  fome  allow- 
ance for  the  errors  unavoidable  in  fuch  manipulations,  and 
make  the  refult  tally  with  the  amount,  determined  before  by 
tha  noble  experiment  of  Lavoifier  and  La  Place,  of  the  re- 
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fpeftive  quantities  of  carbon  and  oxvgen  which  form  tlie  car- 
bonic acid.  Mr.  Tennant  fecms  to  have  done  the  fame  thing 
lately  after  the  combuftion  of  the  diamond  by  nitre.  But  we 
fhould  only  have  confirmed  what  was  before  known,  or  ftip- 
pofed  to  be  known.  Our  obje6l  was  not  only  to  obferve,  with 
more  attention,  what  took  place  during  the  aft  of  combuf- 
tion,  but  to  afcertain,  as  accurately  as  poffible,  the  nature 
and  quantity  of  theproduft,  and  tlie  reader  will  find  that  the 
labour  undertaken  on  this  fubjeft  has  not  been  fruitlefs. 

The  liquor  was  agitated  in  the  globe  to  mix  the  white  mat- 
ter which  had  been  depofitcd.  We  drew  out  4^-  mcafurf.s 
of  the  five  wc  had  introduced  by  making  ufe  of  the  fame  in- 
verted bottle  filled  with  mercury,  and  which  we  raifed  on  the 
infide  by  means  of  an  iron  flalk  compofed  of  feveral  pieces, 
wljich  could  be  adjufted  bv  fcrews.   (See  fig.  6.  Plate  II.) 

We  introduced  into  the  balloon  three  new  meafures,  each 
containing  the  fame  quantity  of  diftilled  water,  which  was 
fhakcn  in  the  infide  to  detach  and  collect  what  adhered  to 
the  fides,  Thefe  united  liquors,  being  immediately  filtered 
in  an  open  filtrc,  left  192  centigrammes  (36"  143  grainy-)  ot 
carbonat  of  barytes  dried  in  the  heat  of  boiling  water. 

It  maybe  readily  judged  what  was  our  aftonifhment  ^^'hen 
proceeding  to  exannne  the  liquor,  inftead  of  finding  in  it  a 
flight  exeefs  of  uncombined  barytes,  we  obferved  that  it 
changed  neither  the  colour  of  turmeric  nor  that  of  logwood, 
and  that,  on  the  contrary,  it  afted  on  an  infufion  of  tunifole 
as  water  charged  with  the  carbonic  acid.  The  prefence  of 
this  acid  unequivocally  manifolled  itfclf,  when  we  poured 
upon  it  a  few  drops  more  of  barytes  water,  which  immedi- 
ately rendered  it  turbid.  It  was  nccefllary  to  add  even  4*63 
centimetres  of  this  water  to  faturate  and  precipitate  the  re- 
mainino-acid  G;as.  Bcins  informed  bv  this  phenomenon  that 
the  production  of  the  gas  had  been  more  confidcrable  than 
we  expefted,  and  that  Ibme  of  it  ftill  remained  mixed  in  ihe 
aeriform  fluid  in  the  balloon,  we  took  every  meafure  necef- 
fary  to  determine  the  quantity.  This  we  were  luckily  en- 
abled to  do  by  the  divifions  which  had  been  marked  on  the 
fcales,  the  orifice  of  the  globe  having  never  been  yet  taken 
out  of  the  mercury. 

Wheji  the  barytes  water  v\as  taken  out,  the  apparent  vo- 
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lume  was  found  to  be  cxa<5lly  i22  decilitres,  the  internal 
column  of  the  mercury  above  the  level  of  the  tub  was  47 
millimetres;  the  barometer  being  at  759"9'5  millimetres, 
(Fruclidor  19,  year  VI.)  the  cenlcgrade  thermometer  at 
21*25,  ^^^^  ^^^^  volume,  at  a  mean  prciTurc  and  tempera- 
ture, was  112.426  decilitres,  or  ii242"66  cubic  centimetres. 
I  ftiil  ^invited  ISI.  Htmiboldt  to  co-operate  with  us  in  exa- 
mining- the  nature  of  this  refiduum  of  "-as.  It  was  transferred 
in  his  prefence  into  a  pneumatic  tub  prepared  on  purpofe 
with  diftilled  water,  and  received  into  four  large  nafKs.  The 
trial  was  made  by  the  fame  inftruments,  and  with  the  fame 
nitrous  gas,  which  had  ferved  for  the  oxygen  gas  before  the 
comburtion,  and  confequcntlv  containing  from  0*09  to  O'lo  of 
azotic  gas.  The  trials  made  on  portions  extracted  from'  dif- 
ferent Hafks  varied  from  31  to  34  in  the  quantity  of  the  re- 
fiduum of  gas,  in  a  mixture  of  100  parts  of  gas  examined  with 
300  parts  of  nitrous  gas. 

I  fhall  not  even  take  the  mean  term,  I  fhall  flop  at  the 
weakell;,  which  indicates  four  hundredth  parts  of  carbonic 
/  acid  gas,  which,  I  think,  I  can  alTert  to  be  rather  below  ihaa 
above  the  truth ;  fince  a  portion  of  this  fame  gas,  brouo-ljt 
into  contact  with  ammonia,  under  a  receiver,  experienced  a 
diminution  of  4*5  per  cent. 

Let  us  now  eftimate  the  carbonic  acid  gas  which  entered 
into  the  compofition  of  the  192  centigrammes  of  carbonat 
ofbarvtes.  According  to  Pelletier,  whofe  accuracy  is  well 
known  in  refearchcs  of  this  kind,  100  of  this  earthy  fait  con- 
tain 22  of  acid  gas  %  which  gives  42*24  for  192  ;  and  as  the 
cubic  centimetre  of  gas  weighs  1*847  milligrammes,  it  fol- 
lows that  the  42*24  centigrammes  reprefent  228*621  cubic 
centimetres.  If  we  now  add,  on  the  one  hand,  the  449  cubic 
centimetres,  found  in  the  refiduum  of  the  gas  after  combul- 
tion,  and  which,  as  we  faw,  formed  the  four  hundredth  part^;; 
and  deduct,  on  the  other,  the  fame  quantity  from  the  aeriform 
fluid  in  which  the  combultion  was  efll'cled,  it  refults,  that  iu 
1 1470  cubic  centimetres  of  oxygen  gas  contained  in  the  bal- 
loon, there  remained,  after  the  combuftion,  only  10793;  ^^^^ 
Cj"]  were  confumed ;  ihat  thefe  677   cubic   centimetres  of 

*  Annaks  dc  Cbimie,  Vol.  XXL  ^,  135. 
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oxygen  gasj  in  the  ratio  of  i"3577  milligrammes  eaclj,  pro- 
duced, with  the  199'9  milligrammes  of  the  diamond,  1 1 17-96 
milligrammes  of  carbonic  acid. 

In  the  laft  place,  that,  inftead  of  the  proportions  0'28  ui 
combuitiblc  fubdance,  and  0*72  of  acidifying  principle,  ob- 
ferved  in  the  comlnillion  of  carbon,  the  proportion  was,  for      m 
the  combulUoa  of  the  diamond,  -  1 7*88  of  carbon. 

82*12  of  oxvcren. 


loo-oo 


Tliough  It  was  not  pofTible  for  me  to  doubt  fa6\s  deduced 
from  calculation!,  I  at  firft  hefitated  to  admit  difierences  fo 
confiderable  in  the  manner  in  which  the  fame  com!)u(tib]e 
united  itfelf  to  oxygen  in  the  quantities  it  could  take  up,  and 
the  products  of  its  combuttion;  in  a  word,  a  carbonaceous 
combuffible  more  abundant  in  real  combuftible  matter  than 
charcoal  itfelf,  and  which  at  the  fame  time  diflered  fo  nmch 
from  it  in  the  degree  of  temperature  neceflary  to  determine 
the  aftion  of  its  affinity.  But  I  foon  began  to  refleft,  jfl, 
Tiiat  this  would  not  be  the  only  inftance  of  the  firft  degree  of 
the  oxydation  of  an  acidifiablc  bafe  having  been  operated  with 
jrreat  difficulty,  while  the  acidification  was  afterwards  com- 
pleted  with  the  utmoft  facility :  2d,  That  feveral  fubHances 
of  the  fame  kind  prcfentcd  to  us  alfo  thefe  two  chara£lcrs ; 
a  greater  abundance  in  real  carbon,  and  greater  rcfiftancc  to 
inliammation ;  fo  that  they  naturally  placed  thcmfehes  in  an 
intermediary  rank  between  the  diamond  and  charcoal.  Thcfe 
two  confidcrations,  Itill  ftrengthened  by  the  fimilaiitv  of  the 
phenomena  oblerved  during  the  courfe  of  cur  two  experi- 
ments in  tliC  paiiage  of  the  diamond  to  the  Itate  of  carbonic 
acid,  appeared  to  nic  to  throw  a  ray  of  light  on  this  fubjctil 
hitiierto  fo  obfcure. 

\n  regard  to  the  r.rll  eonfidcration  it  will  be  fufficicnt  for 
me  to  call  to  mind  with  what  difficulty  the  commencement 
of  a  compofuion  of  azot  and  oxygen  is  formed  by  the  dire<5l 
'way,  and  the  high  degree  of  temperature  which  it  requires, 
■while  nitrous  gas  cannot  be  in  contact  with  oxvgen  without 
paffing  immediately  to  the  acid  Hate.  Charcoal  will  then  be 
to  the  carbonic  aeid  what  nitrous  gas  is  to  the  nitric,  and 
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tlic  diamond  will  be  to  charcoal  what  azot  is  to  nitrous  gas. 
There  w  ill,  therefore,  be  no  longer  occafioa  of  wonder  that 
more  oxvgcn  is  neccfiary  to  that  fubft mce,  which  as  yet  has 
none  of  it,  than  to  that  which  has  already  been  united  with  the 
tiuantitv  necclTliry  for  arriving  at  the  firft  point  of  faturation. 

The  fecond  confideration  refts  on  fa6ls  no  lefs  conclufive. 
PJumbago  is  a  carbonaceous  combuftible,  which  does  not  burn 
but  at  a  vCi-y  liigh  temperature,  or  in  nitre  in  fufion;  which 
produces  by  its  combuftion  carbonic  acid ;  which,  as  well  as 
the  diamond,  is  more  abundant  in  combuftible  matter  than 
carbon  itfelf.  We  are  indebted  to  the  illuftrious  Scheele  for 
the  firft  obfervation  of  this  fa6l.  One  part  of  carbon  alca- 
iifes  only  five  parts  of  nitre ;  one  part  of  plumbago  can  alca- 
life  ten.  The  operation  performed  in  a  retort  on  80  centi- 
grammes of  plumbago,  gave  him  357  cubic  centimetres  of 
carbonic  acid  gas*.  This  agreement  will  not  be  contefted 
by  thofe  who,  having  been  witnefles  of  our  experiment,  fo 
unanimoufly  declared,  that  the  furface  of  the  diamond  al- 
fumed  inftantaneoufly  a  leaden  colour. 

This  mineral  is  not  the  only  body  which  prefents  thefe 
firiking  characters  of  a  fubftance  almoft  incombuftible,  and 
yet  very  abundant,  in  combuftible  matter.  I  defcribed,  (ix- 
teen  years  as^o,  in  the  Memoirs  of  the  Academy  of  Dijon,  a 
foihl  found  in  a  mafs  in  the  coal-pits  of  the  Rivc-de-Gier, 
which  was  fent  to  me  under  the  name  of  incomhujlihle  cyal, 
and  which  I  then  confidered  as  real  coal  which  had  paflld 
to  the  (fate  of  plumbago.    I  characterifed  it  in  that  manner. 

Our  brother  Dolomieu  has  defcribed  a  foffil  of  the  fame 
kind,  which  he  calls  carlnire  of  ahimhie,  which  is  the  an- 
thrucollte  of  Werner,  I  had  already  fufpeiilcd  that  it  was 
neither  the  prefence  of  four  or  five  centiemes  of  aluminc,  nor 
that  of  a  ftill  fuialler  quantity  of  iron,  that  rendered  it  in- 
combuftible,  but  the  little  advanced  ftate  of  the  oxvdation  of 
the  carbon.  I  fubjected  it  to  two  experiments,  by  which,  this 
was  fully  confirmed. 

The  object  of  the  firft  was  to  determine  if  the  alumine 
prcftrnt  was  in  a  (^ate  of  combination  fufficicntly  intimate  U> 

*  -Mca-;.  de  Sciieele,  Fr-jnch  edit.  Vul.  II.  p.  it  and  29. 
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refifi;  the  aftion  of  pot-afli  by  the' humid  way  :  ico  parf.^^ 
put  in  digeition  in  that  folvent,  left  in  it  4'6  of  alumme. 

The  fecond  was,  to  afcertain  whether  this  combuflible, 
which  polTefl'cd  fo  httle  inflamniabihty,  had  alfo  the  power 
to  alcaUfe  more  nitre  than  carbon,  confequently  to  take  up 
more  oxygen.  Three  fucceffivc  trials  gave  for  a  mean  rclult 
the  alcallfation  of  7*87  parts  of  nitre  by  one  part  of  that  mi- 
neral; and  the  fame  coally  matter,  digefled  for  four  or  five 
days  in  oxygenated  muriatic  acid,  burnt  completely  with  6'j 
of  nitre. 

M.  Klaproth,  the  celebrated  chemift  of  Berlin,  had  before 
fubmitted  to  trials  of  the  fame  kind  a  foflil  defcribed  by  M. 
Widenmann  under  the  name  of  incombujllhle  coal,  and  found 
that  100  parts  left,  after  combuftion  at  a  very  ftrong  heat, 
only  feven  of  a  cineritious  refiduum  j  that  treated  in  a  cru- 
cible with  eight  parts  of  nitre,  and  the  mafs  diflblved  in  water, 
acids  occafioned  no  precipitate.  Kirvvan,  in  his  experiments 
on  coal,  remarks,  that  that  which  he  calls  Kilkenny  coal,  and 
which  has  a  metallic  brilliancy,  which  does  not  burn  but 
when  carried  to  incandefcence,  and  which  then  comfumcs 
flowly  without  emitting  flame,  can  dccompofe  9*6  of  nitre. 

After  this  I  do  not  fee  bow  there  can  remain  any  doubt 
that  thefe  fuppofed  incombuftible  fubftances  are  real  oxydes 
of  carbon,  which,  like  coal  or  charcoal,  have  the  property  of 
conducting  the  eleClric  fluid  ;  of  cementing  iron  ;  of  taking 
the  oxygen  from  fome  acidifiablc  bafes;  but  which  are  not 
at  that  degree  of  oxydation  ncceflary  for  excrcifmg  this  fepa- 
rating  affinity  at  a  weak  temperature. 

I  muft  not  omit  this  opportunity  of  makijig  fome  appli- 
cation of  this  principle,  which  may  become  ufeful  to  the  arts. 
It  has  not  yet  been  fufficiently  explained,  why  fome  animal 
and  vegetable  matters  produce  carbon  fo  difficult  to  be  inci- 
nerated; why  charred  pit-coal,  known  under  the  name  6f 
coke,  or  cinders,  and  which  has  been  half  burnt  in  the  pre- 
paration, is,  however.,  fo  powerful  a  colnbuflible ;  why  peat_. 
or  turf,  the  \veakefl:  of  combuftibles,  acquires,  by  being  pro- 
perly charred,  the  property  of  welding  large  pieces  of  iron, 
better  than  charcoal ;  and  w4iy,  in  the  laft  place,  charcoal, 
when  expofed  to  a  very  ftrong  heat  in  veflels  impenetrable 
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to  air,  becomes  there,  in  a  certain  degree,  incombuftibic,  as 
is  proved  in  the  experiment  made  by  Mr.  Tennant,  vbich  I 
luwne  mentioned  in  the  article  Air  in  the  Didionnairc  de 
Cbetnie  Encjyclopedirjue,  Vol.  I.  p.  714. 

The  anfwer  to  all  thefe  queltions  may  be  foimd  in  the 
theory  I  have  laid  down  :  they  are  charcoals  in  the  firll  de- 
gree of  oxydation.  Thus  fomc  of  them  have  not  yet  acquired 
that  which  conflitutes  charcoal  properly  fo  called;  others, 
after  pofFefiing  all  the  qualities  of  vegetable  and  mineral  car- 
bon, have  returned  to  the  fifft  degree  by  a  real  {debrulement) 
unburning  of  the  remaining  carbon;  fo  that  by  lofing  their 
inflammability  they  become  capable  of  fixing  a  greater  quan- 
tity of  oxygen,  and  confequently  of  fetting  at  liberty  a  greater 
quantity  of  caloric  when  they  find  themfelves  at  a  tempera- 
ture fufficicntly  high  to  determine  and  complete  their  acidi- 
fication. 

Some  practical  confequertces  will  doubtlefs  hence  be  de- 
duced in  regard  to  proceffes  for  the  redu^Hon  of  metals;  for  the 
cementation  of  fteel,  which  it  is  probable  takes  up  only  oxyd 
of  carbon,  fince  it  is  fcparatod  from  it  in  that  ftate;  for  the 
incineration  of  the  carbonaceous  refiduums  of  our  analyfes  5 
for  the  carbonifation  of  wood,  pit-coal,  and  turf:  in  a  word, 
we  may  perhaps  thence  conclude  the  poffibility  of  rendering 
ufeful  thofe  maffes  of  pit-coalj  faid  to  be  incombuftible,  found 
at  Rive-de-Gier,  by  mixing  it  with  more  inflammable  mat- 
ters, to  maintain  the  temperature  which  determines  its  com- 
buftion.  Its  pofition,  texture,  and  all  its  exterior  charafters 
announce,  as  already  faid,  that  it  confifts  of  beds  of  coal 
changed  by  a  fubterranean  fire ;  and  this  is  confirmed  by 
tradition,  which  preferved  to  that  mountain,  for  three  cen- 
turies, the  name  of  the  Mountain  of  Fire.  [Montagne  de 
JFV'tt.)  We  can  now  pronounce  that  it  is  coke  too  far  ad- 
vanced, but  fo  much  the  more  fufccptible  of  producing  a 
great  heat  under  favourable  circumftances. 

RECAPITULATION. 

I  Ihall  here  enumerate  the  confequences,  or  rather  tlie 
fafts,  which  refult  from  the  phenomena  obferved  in  the  two 
Vol.  V.  B  b  combuf- . 
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coiubuftions  of  the  diamond  by  the  folar  fire,  and  the  expe- 
riments which  followed : — 

I.  It  is  not  only  by  the  colour,  weight,  hardnefs,  tranf- 
parency,  and  other  fcnfible  charaftcrs,  that  the  diamond 
differs  from  charcoal,  as  feeins  hitherto  to  have  been  bc- 
lieverl ; 

3.  Nor  is  it  by  the  ftate  alone  of  the  aggregation  of  the 
matter  that  conftitutes  diamond  : 

3.  Neither  is  it  on  account  of  the  200th  part  of  the  cine- 
ritious  rcfiduum  left  by  carbon,  or  the  fmall  quantity  of  hy- 
drogen which  it  contains.  'f 

4.  It  is  more  efl'entially  by  its  chemical  properties  that  it: 
differs. 

jj.  The  diamond  is  the  pure  combuftible  fubftance  of  this 
genus. 

6.  The  produft  of  its  combuftion,  or  of  its  combination 
with  oxygen  to  faturation,  is  carbonic  acid  without  rcfidue. 

7.  Carbon  burns  at  a  temperature  eftimated  at  188°  of  the 
centigrade  thermometer;  the  diamond  does  not  inflame  but  at 
about  30  pyrometric  degrees,  which,  according  to  Wedge- 
wood's  fcale,  makes  a  difference  of  188  to  2765. 

.  8.  Charcoal,  when  kindled,  maintains  of  itfelf,  in  oxygen, 
gas,  the  temperature  neccffary  lor  its  combuftion.  Thecom- 
buflion  of  the  diamond  flops  when  you  ccafe  to  maintain  it 
bv  a  furnace-heat,  or  the  union  of  the  folar  rays. 

9.  The  diamond,  for  its  complete  combuftion,  requires  a  , 
much  greater  quantity  of  oxvgen  than  charcoal  docs,  and 
produces  alfo  more  carbonic  acid.  Otie  part  of  charcoal  ab- 
forbs  in  this  operation  2\5i7  of  oxygen,  and  i)roduees  3*575, 
of  carbonic  acid.  One  of  diamond  abforbs  a  little  more  than 
four  of  oxygen,  and  really  produces  five  of  carbonic  acid. 

10.  There  are  lubdances  which  are  in  a  ftate  of  interme- 
diary compofilion  between  the  diamond  and  charcoal.  Thefe 
are  plumbago,  or  native  carburet  of  iron ;  incombullible  foflil. 
coal ;  the  carburet  of  aluminc  of  Dolomicu  ;  the  anthracoiite 
of  Werner;  the  black  matter  united  to  iron  in  the  ftate  of 
caff  iron  and  ftcel ;  carbonaceous  refiduums  difficult  to  be 
incinerated  ;  and  carbon  itfelf  unburnt,  [dibruL',)  by  the 
a6\ion  of  a  ftrong  heat  without  tlic  contact  of  air. 
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]T.  Thcfe  fiibdanccs  mixed,  or  weakly  combined  \\\\\\ 
three  or  four  hundrcdlhs  of  their  weight  of  iron,  or  ahimine, 
give  by  their  conibuftion  carbonic  acid,  like  charcoal  and  the 
diamond. 

They  approach  to  carbon  by  their  colour,  their  lightnefs, 
their  opacity ;  bv  their  ferving,  like  it,  to  decompole  water, 
to  cement  iron,  to  dcoxvdate  metals,  to  deoxygenate  ful- 
phur,  phofphorus,  and  arfenic ;  and  by  condu6ting,  like  it, 
the  electric  fluid.  They  approach  the  diamond  by  contain- 
ing more  combuftible  matter  than  charcoal ;  by  abforbing 
alfo  more  oxygen,  and  producing  more  carbonic  acid ;  by 
decompofing  more  nitrous  acid  ;  by  burning  only  at  a  much 
higher  temperature,  even  in  nitre  in  fulion;  and  by  their 
combuftiou  being  flopped  when  this  temperature  is  lowered. 
They  fccm  to  ditfer  from  each  other  by  the  property  of  pro- 
ducing with  zii\c  galvanic  irritation,  as  well  as  filver  does : 
whicli  can  be  eft'e6ted  neither  by  the  diamond  nor  charcoal. 

12.  Thus  the  diamond  is  pure  carbon,  the  pure  acidifi- 
able  life  of  the  carbonic  acid.  Its  combufiion  is  eft'ec^td  in 
three  periods,  which  require  three  dlfl'erent  temperatures.  At 
the  firft,  which  is  the  higheft,  the  diamond  aflunjes  a  black 
leaden  colour.  It  is  an  oxydation  in  the  firlt  degree,  the  Itate 
of  plumbago  and  anthracolite.  At  the  fecond  temperature, 
which  may  be  eilimated  at  18  or  20  pyrometric  degrees, 
there  is  a  fecond  flow  and  fucceflive  combination  of  oxvcen. 
It  is  a  progrefs  of  oxvdation  which  conltitutes  the  habitual 
Uate  of  charcoal,  or  rather  that  in  which  it  is  found  after 
the  aftion  of  a  ftrono-  heat  in  clofe  veflels  has  difenoao-ed  a 
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part  of  its  oxvgen. 

Thus  plunibasro  is  an  oxvd  of  the  flrft  degree,  charcoal  an 
oxyd  in  ttie  fecond,  and  the  carbonic  acid  the  product  of  the 
complete  oxygenation  of  the  carbon. 

Suppofing,  then,  that  we  operate  with  fufficient  precifion 
-to  take  away  from  the  furface  of  the  diamond  the  black  mat- 
ter in  proportion  as  it  is  formed,  by  fuddenly  withdrawing 
from  it  each  time  the  aftion  of  the  folar  fire,  we  fliould  doubt- 
leis  be  able  to  convert  it  into  charcoal,  or  at  leafl  plumbao-o, 
if  the  too  rapid  paflage  of  the  lalt  degree  of  oxydation  to  oxy- 
.genation  did  not  prevent  us  from  furprifing  it  in  that  flate. 

J3  b  3  i^..  In 
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13.  In  the  laft  place,  feveral  confequences,  of  Importance 
to  chemiftry  and  the  arts,  arife  from  thefe  principles. 

After  this  conclufion  it  will  be  afked,  no  doubt,  how  it 
happens  that  the  iiniplc  matter,  pure  carbon,  the  diamond, 
is  fo  rare  while  its  compounds  in  different  dates  are  fo  abun- 
dantly ditlufcd  ?  To  put  an  end  to  the  aftonifhment  of  thofe 
■who  might  entertain  any  miftrufl,  I  fhall  ohferve,  that  alu- 
minous earth  is  alfo  one  of  the  moft  common  matters,  and 
that  adamantine  fpar,  as  rare  as  the  diamond,  is  however 
only  alumine  ;  that  iron  every  where  exifts,  under  all  forms, 
except  in  the  ftate  of  purity :  the  exiftence  of  native  iron  is  ftill 
doubtful.  The  wonder  exifts  only  in  the  oppofition  of  fa6ls 
to  our  opinions,  and  will  difappear  in  proportion  as  we  dif* 
.  cover,  and  appropriate  to  ourfelves,  the  means  employed  by 
nature  in  producing  the  fame  effecls. 

Thofe  who  have  never  turned  their  attention  to  the  phy- 
fical  fciences,  to  eftimate  at  leaft  their  influence  on  public 
felicity,  are  dif:  ofed  to  treat  as  vain  curiofity  labours  which 
are  not  immediately  direcSled  towards  a  near  objeft  of  new 
enjoyment.  What  would  have  been  their  aftonifliment  had 
they  been  told,  that  refearches  on  the  nature  of  the  diamond 
would  one  dav  produce  truths  which  might  give  rife  to 
happy  changes  in  the  practice  of  the  moft  familiar  arts ;  in 
the  preparation,  and  in  the  employment  of  the  coarfeft  com- 
buftibles  !  Such,  however,  are  the  confequences  that  may 
arife  from  the  beft  known  properties  of  the  eflential  principle 
carbon  in  its  different  ftates. 


XI.   A  Letter  to  the  Editor^  containing  fome  OhjeEliojis  to  the 
Miicbiuian,  Theory  of  Pejiilcntial  pluids. 


I 


SIR. 


OBSER\"E,  in  the  15th  !!Cumbcr  of  your  ufcful  Maga- 
zine, a  communication  from  Dr.  Mitch  ill,  of  New- York, 
fliewing  the  utility  of  conitructing  the  houfes,  and  paving 
the  ftreets  of  cities,  with  calcareous  in  preference  to  jUiceous 
and  argillaceous  materials.  This  communication  is  con- 
tained in  a  letter  from  Mr.  Da  Colla  to  the  Doctor,  in  which 

it 
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it  is  obferved,  that  altI?ough  the  city  of  Lifbon  is  one  of  the 
liilhieft  in  Europe,  and  the  moft  infefted  with  putrid  effluvia, 
Vtt  that  it  ncverthclefs  is  remarkable  for  its  falubrity.  This 
is  at*'-ibuted  by  Mr.  Da  Coda  to  the  ealcarcous  materials, 
of  which  the  buildings  and  pavements  arc  conftru6led,<ab- 
foibing  and  neutralifing  the  fcplic  fluid?,  the  caufe,  accord- 
ing to  Dr.  Mitchill's  theory,  of  all  contagion. 

Tn  replv  to  this  I  would  obferve,  that  from  the  author's 
own  account  it  Is  evident  that  the  calcireous  cai  th  in  the 
city  of  Lifbon  do^s  not  def  roy  the  putrid  exhalations  in  any 
feniible  deirrec,  and  therefore  cannot  prevent  any  diforders 
to  which  thev  mav  give  rife.  The  houies.  he  obferves^  are 
verv  otTcnfive,  from  the  privies,  and  irom  inattention  to  clean- 
linefs.  The  mouths  of  the  fewcrs  go  to  the  wharves,  and  are 
bare  at  low  water.  The  fluid  which  comes  from  thefe  con- 
tains fo  many  infeclious  matters  that  its  Jtrong  futrid  fmell 
can  fcarcely  he  endured  I  It  is  plain,  therefore,  that  the  pu- 
trid exhalations  are  not  deftroyed,  or,  at  lernlt,  that  they  are 
fo  quickly  generated  as  to  annoy  the  olfactory  fenfe  in  an 
intolerable  degree.  The  bodies  of  the  inhabitants  are  con- 
flantly  immerfed  in  putrid  exhalations,  yet  contagion  is  riot 
produced.  The  inference  is,  that  putrid  exhalations  are  not 
its  immediate  caufe.  Contagion  arifes  where  no  putrefac- 
tion is  going  on,  at  leaft  in  any  degree  perceptible  to  the 
fenfes ;  as  when  a  number  of  perfons  are  crowded  together 
in  jails,  and  even  in  the  houfes  of  the  poor  in  the  winter 
feafon,  without  fufficient  ventilation.  On  the  other  hand, 
putrefaclion  may  be  prcfcnt,  in  a  very  high  degree,  without 
giving  birth  to  contagion,  as  may  be  obferved  in  flaughter- 
houfes,  cat-gut  manufa6):ories,  &c. 

But,  is  it  proved  futTiciently  that  calcareous  matters  do 
abforb  and  neutralife  feptic  exhalations  ?  Mr.  Da  Coda  re- 
marks, that  he  has  obfer\-cd,  two  or  three  times,  in  Lifbon, 
dead  animals  upon  the  ruins  of  houfes,  and  of  courfe  fur- 
rounded  by  calcareous  earth,  in  a  date  of  deficcation;  and, 
at  the  fame  time,  two  or  three  fathoms  diftant,  another  ani- 
mal dead  too,  and  lying  upon  another  kind  of  foil,  in  a  date 
of  complete  putrefaclion.  I  do  not  prefurae  to  quedion  the 
truth  of  this,  fiace  it  was  a  matter  obvious  to  the  fenfes  :  but 

I  deny 
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I  deny  the  generality  of  the  facl  equally  from  obfervation. 
I  fufpended  a  piece  of  flefh,  in  a  proper  veffcl,  over  a  layer 
of  chalk,  and  at  the  fame  time  laid  chalk,  in  fmall  pieces,  on 
gauze,  a  few  inches  above  the  fledi :  but  I  did  not  obfervc 
that  putrefaction  was  more  backward  tiian  in  other  circum- 
ftances,  or  that  putrid  exhalations  were  lefs  extenfively  dif- 
fufed  around.  That  quicklinc  deftrov^  putrefaction,  is  no 
proof  of  the  opinion  here  advanced,  fincc  this  can  be  ac- 
counted for  on  other  principles. 

If  fevers  abound  on  the  oppofite  fide  of  the  'I'agus,  whilfc 
the  city  of  Lilbon  is  free  from  them,  there  are  probably  other 
caufes  to  which  this  may  be  afcribed,  fuch  as  a  marfhy  foil, 
&e.  Whether  any  thing  of  this  fort  exifts,  the  account  here 
given  by  Mr.  Da  Cofta  does  not  enable  us  to  judge. 

It  is  the  tendency  of  Dr.  Mitchill's  theory  to  overturn  fet- 
tled opinions,  and  to  caufe  us  to  abandon  practices,  whicii 
have  been  generally  employed,  and  much  relied  on,  for  the 
deftruftion  of  contagious  matter.  It  is  of  great  importance, 
therefore,  that  it  flmuld  be  well  founded,  left  we  be  induced 
to  lav  afide  means  that  are  efficacious  on  grounds  not  fufB- 
ciently  eftabliflied.  Wliatever  becomes  of  Dr.  Mitchill's 
hypothefis,  it  appears  to  me  to  receive  no  fupport  from  the 
fa6ts  and  arguments  of  the  paper  in  quedion,  although  it  is 
confidered  by  him  as  aflbrding  a  Itrong  confirmation  of  its 
truth. 

Wifliing  every  fuccefs  to  your  valuable  publication,  I  re- 
main, Sir,  yours,  8c c.  . 

H.  CLUITERBUCK. 

^^'3lbrook,  Oi\.  21,  1799. 


XIT .  Defcriptkn  of  Mr.  H  o  w  A  R  E  '2  Improi-ed  Air-  Furnace. 

X  HE  difficulty  of  obtainint*- a  degree  of  heat  fufficiently 
intenle  for  many  operations  in  cheminry,  has  been  felt  and 
lamented  by  every  one  engaged  in  fuch  purfuits;  and,  not- 
withftanding  the  rcfearchcs  and  numberlefs  experiments 
inade  profeHedly  for  tliat  purpofe  by  the  greateft  men,  tlie 
beft  coanruction  of  an  air- furnace  is  ftiil  a  problem  j  in- 
deed. 
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tkeJ,  the  rules  laid  down  by  thofc  who  have  written  on  this 
riibiccil,  difler  fo  widely  from  each  other,  that  we  mult  I'up- 
po(e  a  great  number  of  circumftances,  hitherto  overlooked, 
enter  into  the  conftrudlion  of  a  good  furnace.  Haviilg  ob- 
Icrvcd  effects  produced  in  that  of  Mr.  E<Kvard  Howard,  of 
Doughty- ftrect,  which  we  have  feldom,  if  ever,  feen  equalled 
in  any  other  furnace,  we  thought  we  could  not  better  oblige 
our  chemical  readers  than  by  givins;  a  defcription  of  it.  The 
diflerence  in  the  prcfcnt  compofition  of  Wedgewood's  pyro- 
meter pieces,  from  that  ufed  by  him  when  he  firft  invented 
his  inftrument,  makes  it  impra£ticable  (unlefs  the  fcale  was? 
alfo  altered)  to  mcafure  corretllvthe  degree  of  heat  obtained; 
it  mud  however  be  at  leaft  =  160*^,  and  is  fufficient  to  run 
down  the  bell  Heffian  crucibles.  The  moft  ilriking  devia- 
tion from  the  common  conftruAion  is  in  the  lower  part  of 
the  chimney,  or  flue,  being  fmallcr  than  the  upper,  and 
the  greater  dcptii  of  the  afli-pit.  Mr.  Howard  thinks  that 
fomething  depends  on  the  direftion  of  the  horizontal  fun- 
nel, which  in  this  cafe  opens  to  the  north.  If  any  of  our 
readers  (liould  conftru6t  a  furnace  on  this  plan,  we  fliould  be 
glad  to  be  informed  of  the  coincidence  of  elicit*. 

Fig.  I.  (Plate  IV.)  A,   the  cavity  or  body  of  the  furnace, 
finches  fquare  and  i  foot  7  inches  deep  to  the  bars.     B,  the 
afli-pit,  I  foot  2  inches,  by  9  inches  broad,  and  2  feet  8  inches 
deep  below-  the  bars  :  this  afli-pit  opens  to  the  external  air  by 
an  horizontal  funnel  C,    6  feet  long,   pafllng  under  the  floor 
of  the  laboratory:   this  not  only  farniliies  a  fupply  of  denfer 
air,  but  prevents  the  unplealant  efte6ls  of  the  cold  draught 
on  the  legs  and  feet  of  the  operator,  which  hsppens  w  hen  the 
a(h-pit  opens  into  the  laboracory.     The  external  opening  of 
this  funnel  is  about  2  feet  fquare,  which  gradually  contrafta 
to  the  alli-pit  in  the  manner  fliewn  in  the  plate.     D,  Uie. 
aperture  of  tlie  horizontal  flue,  7  inches  wide  by  2 '  deep,- 
conira6ling  in  width  to  44  inches,  where  it  enters  the  ver-; 
tical  flue  or  chimney,  which  is  4'  inches  fjuarc,  of  which: 
width  it  continues  to  the  height  of  7  feet,  and  is  then  en-- 
liirged  to  5  inches  fquare  5  which  dimenfions  it  piefervcs  to 

*  Dr.  Pearfon's  furnace,  wliich  is  a  vcr\'  po'.vcrfjl  one,  agrees  in  fomc 
pirt'i  of  i'.yconftructioii   vitl-]  ;\Tr.  Pfo'.v3r'.r:. 

the 
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the  top  of  the  brick-work,  being  i6i-  feet  from  E.     ThC 
chimney  finifties  by  an  iron  pipe  about  3  feet  long. 

Fig,  2,  F,  {hews  the  plan  of  the  body  of  the  furnace  9  inches 
thick,  the  top  courfe  of  bricks  being  bound  together  in  the 
«fua!  manner  bv  a  ftrong  iron  hoop  G.  H  iS  an  horizontal 
fe6lion  of  the  chimnev  and  flues*.  When  only  a  moderate 
decrree  of  heat  is  wanted,  the  horizontal  draught-hole  C  can 
be  doled  by  a  Aiding  door  or  regifter,  and  an  opening  made 
into  the  afh-pit,  dircdtly  under  the  bars,  by  removing  the 
ftone  Itopper  I.  (Fig.  i  and  2)  This  alfo  is  ufeful  for  oc- 
cafionally  clearing  the  bars  from  fcoria,  or  entirely  removing 
them,  in  order  fuddenly  to  put  out  the  fire.  The  whole  of 
the  furnace  and  chimney  is  built  of  Windfor  bricks. 


XIII.    An  Account  of  Mr.  Brown'^  Travels  through 
Egypt  and  Syria,  &c. 
[Concluded   from  Page  76.] 


M= 


.R.  BROWN  retired  a  fecond  time  to  Cobbe,  with 
little  hopes  of  ever  leaving  the  country.  Of  the  property, 
which  the  king's  agents  had  purchafcd  on  his  arrival,  no 
part  of  the  price  had  yet  been  paid.  He  had  been  infulted 
with  the  mockery  of  juftice,  yet  obliged  to  thank  his  opprcf-- 
fors  for  the  compenfation  which  their  corn.iplion  and  malig- 
nity  alone  had  rendered  incomplete. 

He  had  not  omitted  to  renew  to  the  Melek  Mufa  the  re- 
queft  which  had  been  previoufly  made  to  Mifellim  and  Ibra- 
him. He  explained  to  him,  in  the  leaft  exceptionable  man- 
ner, his  intention  of  coming  to  Cobbc ;  completely  did  away 
all  the  fufpicions  which  his  enemies  had  at  firR  excited  j  and. 
concluded  with  defiring  permiffion  to  go  to  Sennaar,  or  to 
accompanv  the  {\x'\S.Jdatea  (an  armed  expedition  for  the  pur- 
pofe  of  acquirmg  (laves,)  to  the  fouth  or  fouth-weft;  or  to 
have  a  fafe  conduct,  and  one  of  the  Sultan's  Daves,  to  ac- 
company him  to  Bergoo,  (the  firfl:  Mahometan  kingdom  oa 
the  weft.)  By  the  firll  route  he  hoped  to  have  reached  Abyf- 
finia,  or,  if  that  had  been  impradicable,  to  have  gone  through 
Nubia  to  Egypt,  or  by  Suakim  to  the  Red  Sea,  and  thenc® 

*  The  chimney  is  detached  about  an  inch  from  the  wall  behiud  all  the 

way  to  the  tof. 

to 
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to  Mocha  or  Jidda.  By  the  fccond  he  was  almoft  certain  ot 
fctiling  Ibnie  important  points  relative  to  the  White  River, 
podibly  of  tracing  it  to  iis  fource.  And  by  the  third,  cither 
of  pading  directly  weft,  and  tracing  the  courfc  of  the  Niger, 
or  of  penetrating  tiirough  Borno'.i  and  Fczzan  to  Tripoli. 

To  the  firft  propoi'al  he  anfwercd,  In  a  manner  which  gave 
Mr.  Brown  rcafon  to  doubt  his  fincerity,  that  the  road  to 
Scnnaar  was  unpalfable,  the  Sultan  being  then  fiiafter  of 
only  one  half  of  Kordofan  :  that  the  natives  of  all  that  part 

•  df  it  which  remained  unfubducd  were  his  implacable  foes, 
^and  would  infallibly  deftroy  any  perfon  who  came  from  Dar- 
FAr:  that  he  thought,  however,  if  Mr.  Brouai  waited  an- 
other year,  that  route  might  poffibly  be  more  fecure;  and  in 
cafe  it  fliould,  he  would  ufe  all  his  ellorts  to  obtain  the  Sul- 
tan's pcrmiffion  for  his  departure. — Of  the  Selaica  he  faid,that 
our  traveller  would  only  encounter  certain  death  by  attempt- 
ing it,  as,  between  the  jealoufy  of  thofe  who  accompanied 
^im,  and  the  a6lual  hodility  of  the  country,  there  would  be 
no  hope  of  efcaping.  Mr.  Broun  hinted,  that  the  Sultan 
might  give  him  a  few  attendants,  whom  he  was  very  ready 
to  pay,  and  an  order  to  enable  him  to  pafs  unmolefted  as 
nis  phyfician  in  fearch  of  herbs.  He  replied,  that  he  would 
propofe  fuch  a  meafure,  but  he  did  not  expert  it  would  re- 
ceive the  Sultan's  approbation. — To  the  third  propofal  he  an- 
fwered,  that  he  had  no  hope  of  Mr.  Brown's  fucceeding,  and 
concluded  with  ftrongly  recommending  to  him  to  feize  the 
firft  opportunity  of  returning  to  fc^gypt ;  but  he  alTured  him^ 
if  he  could  accomplifli  any  of  the  meafures  he  fo  much 
wiflied,  he  would  not  fail  to  inform  him  and  to  afford  him 
the  necelfary  aid.  Such  was  the  ftate  of  affairs  when  JMr, 
Brown  returned  to  Cobbe,  dejected,  and  with  little  expe6la-. 
tion  of  realifing  even  his  leall  Amguine  hopes.  Not  more 
than  fix  weeks  after  this  converfation  had  taken  place,  he  was 
fent  for  to  attend  the  Melek,  who  was  confined  bv  an  old 
diforder  in  his  lungs.  He  found  him  yet  fcnfible ;  but  his 
eyes  were  fixed,  and  extremities  incapable  of  motion.     In 

,  five  hours  after,  he  expired.  Thus  were  blafled  our  traveller's 

returning  hopes  of  fuccefs ;  for  no  mediator  now  remained 

between  him  and.  the  monarch,  and  no  longer  was  there 

Vol.  v.  C  c  '  n,ar 
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iiear  the  court  a  man  even  of  feeming  liberality  Sml  go6(? 
fenfe,  to  whom  his  projefts  might  be  fafely  opened. 

During  the  fummer  of  1794,  five  men  who  had  exerclfed 
^onfiderable  authority  in  fome  of  the  provinces,  were  broughf 
to  El  Faflier  as  prifoners ;  it  was  faid  that  thev  had  been  de- 
teiSled  in  a  trcafonable  correfpondence  with  the  hoftile  leader, 
Hafliem,  in  Kordofai^.  They  did  not  undergo  any  form  of 
trial;  but  as  the  Sultan  chofe  to  give  credit  to  the  dcpofitions 
made  againft  them,  his  command  was  ilTued  for  their  execu- 
tion. Three  of  them  were  very  young  men,  the  youngelt  not 
appearmg  to  be  more  thafi  feventeen  years  of  age.  A  little 
after  noon  they  were  brought,  chaiatd  and  fettered,  into  the 
rnarkst-place,  before  one  of  the  entrances  of  the  palace,  ef- 
corted  by  a  few  of  the  royal  flaves  armed  with  fpears.  Se- 
veral of  the  Meleks,  by  the  monarch's  exprefs  order,  were 
prefent,  to  witnefs,  as  he  termed  it,  what  they  might  expeft 
to  fulter  tf  they  failed  in  their  fidelity.  The  executioner  al- 
lowed them  time  only  to  utter  a  (liort  prayer,  when  he  plunged 
tiis  knife  into  the  neck  of  the  oldeft,  exaftly  in  the  fame 
manner  as  they  kill  a  flieep.  The  operation,  too,  is  marked 
by  the  fame  term,  dhcbhah.  He  fell",  and  ftruggled  for  fome' 
time.  Th€  reft  fuffered  in  their  turn.  The  three  laft  were 
much  agitated,  and  the  youngeft  wept.  The  two  firft  had 
borne  their  fate  with  becom'mg  firmncfs.  The  crowd  that 
had  aflembled  had  fcarcely  fatiated  itfelf  with  the  fpeftacle 
of  their  convulfive  motions  while  proftrate  in  the  duft,  when 
the  (laves  of  the  executioner  coolly  brought  a  fmall  block  of 
wood  and  begfan  manoTme;  their  feet  with  an  axe.  Havino; 
cutoff  their  feet,  they  carried  away  the  fetters  which  had  been 
worn  by  the  criminals,  though  of  little  value,  and  left  the" 
bodies  where  they  were.  Private  humanity,  a-nd  not  public 
order,  afforded  them  fcpulture. 

Near  the  end  of  the  year  1795  a  body  of  troops  was  muf- 
ter*d  and  reviewed,  intended  to  replace  thofe  who  had  died" 
of  ifje  fmall-pox  in  Kordofan,  which,  it  was  faid,  amounted 
to  more  than  half  the  army.  The  fpoik  which  had  been 
taken  from  Hafliem  were  alfo  oftentatioufly  difplayed  on  this 
occalion.  They  confided  of  eighty  flaves,  male  and  female, 
l>!it  the  greater  proportion  of  the  latter,  mjaiy  of  whom  were 

exceedingly 
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<AceecUngIy  beautiful,  nor  the  lefs  interefting,  that,  though 
the  change  in  their  fituatioij  could  not  be  very  important, 
their  countenanL-cs  were  marked  w^lh  dclpondeucy.  Tq 
thefe  fucceeded  five  hundred  oxen  an4  two  hundred  large 
camels ;  the  whole  procellion  was  clofcd  by  eighty  horfes, 
and  many  articles  of  leis  value  borne  by  llaves.  Shouts  rent 
the  air  of.  Long  live  El  Sultan  Abd-ei-rachman  el  rafhid  I 
May  God  render  him  always  vjil;orious ! 

A  (liort  time  after,  I\ir,  Brown  caufed  a  petition  to  be 
<Jrawn  up,  which  was  prefented  by  Ali-el-Chatib  to  thfs  Sul- 
tan, in  which  he  ftaied  his  fufFerings,  requeued  payment  of 
whatiyet  remainad  due  to  hhn,  and  permiflion  to  proceed  oq. 
his  journey  to  Kordofan.  Though  the  p.erfon  who  prerente4 
it  was  a  man  of  confiderable  weight,  no  anfwer  was  given. 
He  therefore  followed  it  up  by  a  vilit  in  perfon,  winch  he 
had  refolved  fliould  be  his  lait.  His  arrival  was  nq  fooner 
known  than  he  was  directed  to  attend  fome  fick  perfon,  as 
he  had  feveral  times  done  before.  This  he  pofitively  rpfufed, 
and  it  was  many  days  before  he  could  be  admitted  ^t  court. 
On  the  nth  of  December  1795,  however,  he  accompanied 
^hc  Chatjb  to  the  monarch's  preience,  and  briefly  ftated  what 
Jie  came  to  requeft ;  which  the  former  fecondcd,  though  not 
ja'ith  the  zeal  Mr-  Brown  wiftied.  To  his  demand  of  pemiif- 
jion  to  travel,  no  anfwer  was  returried.  But  the  generous 
and  holpitable  monarch,  who  had  received  from  him  the 
value  of  750  piaftres  in  goods,  though  hjs  claim  was  well 
fupported,  gave  him  only  twenty  meagre  oxen,  in  value  about 
•  120  piaftres  !  The  iiate  of  his  purfe  would  not  permit  him 
to  refufe  everi  this  mean  fupply;  and  he  bade  adieu  to  El 
Father,  as  he  hoped,  for  ever. 

Having  applied  the  value  of  the  oxen  to  preparations  for 
his  journey  to  Egypt,  the  report  of  the  caravan's  di.-parture 
growing  daily  ftronger,  he  lo(l  no  time  in  joining  the  Chabir, 
who  was  then  encamped  at  Le  Haimer,  (3d  March  X79'5,)  a 
fmall  village  about  three  davs  journey  north  of  Cobbo,  where 
there  was  a  tolerable  t'upply  of  water,  but  no  other  rcquifiie 
for  living. 

Mr.  Brown  arrived  at  Ee  Haimer  about  a  month  before 
Kamadanj  and  it  was  not  till  the  fixth  day  of  El  Hedgc^  th^ 
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fecond  month  after  that  Aiit,  that  they  a6liially  commenced 
their  journey  to  Egypt.  In  the  mean  time,  having  pitched 
a  tent  under  a  great  tree,  where  they  were  (heUered  from  the 
rays  of  the  fun,  he  fed  on  polenta  [as-eide)  and  water  with 
the  camel-drivers.  He  had  collefted  eight  camels  for  the 
journey,  but  the  beft  of  them  was  (lolen  while  grazing;  an- 
other died;  and  to  fiipply  his  place  he  was  obliged  to  feek 
one  on  credit,  for  his  whole  exchangeable  property  at  that 
time  amounted  only  to  eight  piafires. 

The  journey,  once  commenced,  was  continued  with  little 
remarkable  except  violent  heat.  They  returned  by  the  only 
caravan  route,  Bir  el  Malab,  Leghea,  Selivie,  Sheb,  and  El- 
Kuah.  Their  provifions  were  indifferent,  and  in  fmall  quan- 
tity. The  camel-drivers  i-egaled  themfelves  with  the  liefh  of 
thefe  animals  when  they  chanced  to  be  difjibled  on  the  road. 
When  thev  arrived  at  Beiris,  thev  were  met  by  a  Caflief,  who 
welcomed  the  .Telabs  with  an  exhibition  of  fire-works.  On 
this  occafion  it  is  cuflomary  to  treat  the  chief  merchants  with 
cof!ee,  and  to  prcfent  to  each  a  hen'Jh  of  coarfc  cloth,  worth 
about  a  guinea ;  but  he  expecls  in  return  a  Have  from  each, 
worth  about  ten  guineas.  When  Mr.  Brown  arrived  at 
AfTiut,  he  had  been  four  months  without  editing  animal  food; 
and  the  hard  living,  heat,  and  fatigue,  had  brought  on  a  di- 
arrhoea, by  which  he  was  much  weakened;  but  before  he  left 
Affiut,  where  he  pafTed  twenty  days,  it  was  much  abated. 

After  fome  fray  in  Egypt  Mr.  Brown  embarked  for  Syria 
en  the  19th  of  January  1797  ;  and  having  vifited  Jerufalem, 
Damafcus,  Aleppo,  and  various  other  places^  proceeded  to 
Conflantinople ;  from  which  he  returned  to  England  by 
Vienna,  Drefden,  Lcipfic,  and  Hamburgh.  He  arrived  in 
London  on  the  J  6th  of  September  1798,  after  an  abfence 
of  nearly  feven  years. 


XIV.  'Tenth  Co7)i7n?znicat'C7i  from  Dr.  TnowsTOti J  Phj*- 
Jician  to  the  General  Difpenjarjy  8cc.  See.  &C.  rdative  to 
Pneumatic  Medicine. 
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'NE  of  the  moft  dreadful  of  human  affli^ions  is  th^t 
where  water  opprefies  the  brainy  and  there  are  no  hopes  of 
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any  medicine  getting  to  that  part,  except  what  flrd  can  enter 
the  blood.  Mercury  has  been  fucccfsfully  employed  ;  but  it 
produces  fo  great  a  derangement  of  the  general  health,  that 
a  fubftitute  is  certainly  advifablc.  Can  the  abiorbents  of  the 
brain  be  equally  excited  by  vital  air? 

Lydia  Johnfon,  let.  13,  living  at  No.  5,  Huftand- 
ilreet,  after  a  putrid  fever  became  perfectly  blind,  and 
had  frequent  fits,  evidently  arifing  from  oppreflion  of  the 
brain.  Various  means  had  been  employed  without  the  leaft 
advantage.  I  referred  her  to  MefiVs.  Wathen  and  Phipps, 
that  they  might  fee  the  cafe.  Under  the  inhalation  of  vitai 
air,  with  the  aid  of  bark  and  (leel,  the  fits  foon  gave  wayj 
and  afterward,  finding  the  air  produced  no  mifchief,  I  in- 
creafed  the  quantity  one  day  to  twelve  quarts,  mixed  with 
three  times  that  quantity  of  atmofphcrlc,  and  almoft  imme- 
diately after  the  inhalation  (lie  had  a  dawning  of  fight,  and 
going  home  {he  did  nothing  but  cry  out,  Mama,  mama!  I 
fee  now  every  thing.  The  cure  has  remained  permanent 
above  a  year,  and  I  faw  iier  the  other  day  in  perfeft  health 
and  fpirits. 
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ROYAL    SOCIETY    OF    LONDON. 


N  the  courfe  of  the  prefent  month  (November)  the  Second 
Part  of  the  Tranfaftions  for  the  year  1799  was  delivered  to 
the  Members.  The  contents  are  : — An  account  of  the  dif- 
feftion  of  an  hermaphrodite  dog:  to  which  are  prefixed,  fome 
obfervations  on  herniaphrodites  in  ge^ieral.  ByEverard  Home, 
Efq.  F.  R.  S.-^An  enquiry  cthcerning  the  weight  afcribcd 
to  heat.  ByBenjamin  Count  Rumford,F.R.S. M.R.I. A. &e, 
— An  account  of  fome  experiments  on  the  fecundation  of  ve- 
getables :  in  a  letter  from  Thomas  Andrew  Knight,  Efq.  to 

the 
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the  Right  Hon.  Sir  Jofeph  B^nk?,  K.B.  P.  R.  S.— Obfcrva, 
tions  on  the  diflfcreut  fpecics  of  Afiatic  elephants,  and  their 
mode  of  dentition.  Bv  John  Corfe,  Efq.  Communicated 
fey  the  Right  Hon.  Sir  Jofcph  Banks,  Bart.  K.B.  P.R.S.— 
Some  obfervations  on  the  ftruclure  of  the  teeth  of  gramini- 
vorous quadrupeds,  particularly  thofe  of  the  elephant  and  fus 
vEthiopicus.  By  Everard  Home,  Efq.  F.R.S. — Experiments 
to  determine  the  quantity  of  tanning  principle  and  gallic  acid 
contained  in  the  bark  of  various  trees.  By  George  Biggin, 
Efq.  Communicated  by  the  Right  Hon.  Sir  Jofcph  Banks, 
K.B.P.R.S. — ^EiTuv  on  the  rcfolution  of  Algebraic  equation?  ; 
attempting  to  dillingxiifli  particularly  the  real  principle  of 
every  method,  and  the  true  caufes  of  the  limitations  to 
which  it  is  fubjeft  By  Griffin  Wilfon,  Efq,  Communi- 
cated by  Edward  Whitaker  Gray,  M.D.  Sec.  R.  S. — On 
different  forts  of  lime  ufed  in  agriculture.  By  Smithfon 
Tennant,  F.fq.  F.R.S. — Experiments  and  obfervations  on 
•fhell  and  bone.  By  Charles  Hatchett,  Efq.  F.R.S.— A  ca- 
talogue of  Oriental  manufcripts,  prefentcd  to  the  |loval  So- 
ciety by  Sir  William  and  Lady  Jones.  By  Charles  Wilkinsj 
Efq.  F.R.S. — Prefents  received  from.  November  1798  to  June 
1799. 

On  the  7th  inftant  the  Society  met  for  the  firft  time  fince 
the  long  vacation,  when  the  Croonian  Leisure  on  mufcular 
motion,  by  Everard  Home,  Efq.  v.-as  read.  The  fubjc6t  was 
6n  the  conftruftion  of  the  membrana  typani.  At  the  fame 
fitting  a  pjfture,  by  Mr.  JBrown,  of  the  late  Mr.  Smeaton, 
civil  engineer,  was  prefer.ted  to  the  Society  by  Alexander 
Aubert,  Efq.* 

Nov.  14.  'The  conclufion  of  the  Croonian  Leclurc  wds. 
rrcad,  and  a  letter  addrelTcd  to  Count  Bruhl  on  the  orbit  of 
the  comet  feen  in  Auguft. 

Nov.  2.1.  A  paper  by  Dr.  Herfchel  on  the  power  of  pene- 
tratino-  into  fpace  by  means  of  telefcopes.  Thi;^,  the  Dotlrtor 
remarks,  is  connected  with  fomething  different  from  their 
magnifying  power.     The  extreme  fenfibiiity  of  the  optic 

*  The  mceting-rponi  is  hung  round  with  portraits  of  dcccafcJ  inem- 
btrs ;  cha:  of  Sir  llaac  Newtor*  Ixirg  pluccJ  ever  the  pr^fidegr's  rhair. 
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?:crvte  is  fuch  as  to  require  twenty  minutes  reft,  on  comiiitf" 
irom  the  light,  before  (when  his  head  is  covered  with  a  black, 
hood)  he  is  able  to  dil'cern  fmall  telefcopic  flars :  an  equal 
time  is  necefTary  after  a  Itar  of  the  fecond  or  third  magnitude 
pafles  thi  field  of  the  teleicope. — The  paper  was  not  gons 
through  at  this  fitting. 

METEORS. 

Fiery  Meteors  have  been  more  than  ufualiy  con:mon  of 
late. 

On  SMturday  night,  the  2d  of  November,  at  half  pad  ton 
o'clock,  a  meteor,  or  bail  of  fire,  paiTed  through  the  air  im- 
mediately over  the  town  of  Pocklington,  accompanied  with 
a  molt  beautiful  train  of  fire  refembling  the  tail  of  a  rocket^ 
and  appearing  to  be  about  15  yards  in  length.  The  direction 
was  from  thenorth-ead  to  the  fouth  or  fouth-weft,  and  con- 
tinued vifibie  for  about  half  p.  minute. 

On  Tucfday  morning  the  lath  of  November,  about  fix 
o'clock,  a  meteor,  or  ball  of  fire,  accompanied  uith  a  beau- 
tiful train,  was  obfcrved  in  diflerent  parts  of  Stafford ili ire.  It 
was  preceded  by  feveral  flafhcs  of  vivid  lightning. 

The  fame,  or  a  fimilar  meteor,  was  feen  at  the  fame  thne 
in  YorkHiire.  The  following  is  a  defcription  of  it,  as  feen  at 
Hull  and  the  neighbourhood  : — On  the  morning  of  the  12th 
of  November,  bctv/een  the  hours  of  live  and  fix,  the  heavens 
exhibited  an  awfuliv  grand  appearance.  The  fetting  moon 
became  paflially  obfcured  by  dark  cloudv  fpots  or  ftreaks : 
in  oppofition  to  b.er  was  feen  a  lunar  rainbow  of  the  mofl 
beautifully  varied  colours;  after  which,  the  micklie  rcrion  of 
'the  air  was  illuminated  by  meteors  crofting  each  other  in 
different  dirc6l:ions,  and  leaving  behind  them  long  fparklin^ 
trains,  which  Vvere  vifibic  for  tv.o  or  three  minutes  after  thefc 
luminous  bodies  had  difippcarcd  ;  one  of  thefe  nieteors,  more 
brilliant  than  the  reft,  illuminated  the  whole  firmament,  and, 
bv  its  apparent  apprcximati<ni  to  the  earth,  created  fome 
alarm.  The  thennometer  was  that  mornino;  at  ^o  deo-rees. 
The  air,  which  the  preceding  night  was  cold  and  frofly, 
became  remarkably  clofe  and  warm,  and  produced  on  the 
•  '     ■  ■  waH5 
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walls  and  furniture  in  houfes  an  unufual  dampnefs  and  hu* 
midity. 

CONVERSION    OF    IRON    IJJTO    STEEL. 

In  our  laft  we  noticed  that  Mr.  Muftet,  in  varying  the 
experiments  fuggefted  by  C.  Clouet's  procefs  for  the  conver- 
fion  of  iron  into  fteel  by  cementation  with  carbonat  of  lime, 
had  found  that  when  lime,  prev'ioujly  deprived  of  its  car- 
honic  acidy  was  ufed  with  the  iron,  the  refult  was,  notwith- 
jftanding,  caft  fteel ;  and  that,  therefore,  he  found  hinifelf 
obliged  to  reje6l  the  idea  of  the  carbon  neceffary  to  the  con- 
verfion  of  iron  into  fteel,  having  been  furniflied  by  the  de- 
compofition  of  carbonic  acid. 

We  alfo  in  our  laft  Number  laid  before  our  readers  C. 
Guyton's  report  of  the  converfion  of  iron  into  caft  fteel  by 
means  of  the  diamond,  which  is  generally  held  to  be  pure 
carbon,  and  which,  having  difappeared  in  the  procefs,  wa-^ 
therefore  believed  to  have  entered  into  chemical  union  with 
the  iron  by  the  affinity  exerted  between  them  by  means  of 
an  high  temperature. 

From  the  tenor  of  the  letter  from  Mr.  Mufliet,  which  fur- 
niflied us  with  matter  for  the  notice  firft  above  referred  to, 
we  were  led  to  fufpeft  that,  however  probable  it  might  be 
that  in  the  cafe  laft  mentioned  the  carbon,  which  went  to 
fteelify  the  iron,  was  furniflied  by  the  diamond ;  yet,  as  Mr. 
Mufliet's  experiments  went  to  lliew  that  carbon  could  find  its 
way  from  the  ignited  gas  of  the  furnace  to  the  iron,  through 
materials  which,  on  firft  view,  one  would -hardlv  think  per- 
vious to  fuch  a  princiule,  it  was  certainly  poflible  that  the 
French  chemifts  might  be  miftaken,  and  that  the  carbon, 
which  converted  the  iron,  might  not  after  all  have  been 
furniflied  by  the  diamond. 

Since,  then,  we  correfponded  with  Mr.  Mufliet  on  the  fub- 
jeft,  and  propofed  that  the  experiment  made  at  the  Poly- 
technic School  fliould  be  repeated,  only  keeping  out  the  dia- 
mond. As  the  idea  arofc  from,  and  might  indeed  be  fa  id  to 
be  embraced  in,  the  facls  prefenicd  by  Mr.  Mufliet ;  and  as 
the  procefs  coincided  fo  nearly  with  others  which  he  ho.d 
communicated  as  executed  and  in  train,  we  knew  iio  perfon 
7  io 
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fo  in^clv  to  do  it  complete  jiiflice,  or  io  well  (lualificd  b}-  great 
rxpericnec  to  guard  againft  error.  In  this  we  h;i\c  not  bet-ii 
deceived.  Mr.  ISJufhct,  whole  zeal  in  every  thing  tlvit  con- 
cerns the  improvement  of  the  Ih-itifli  iron  manufa6lory  en- 
titles him  to  the  gratitude  of  his  country,  has  proved,  by  fe- 
\eral  con'jlufive  experiments,  tiiat  the  Frencli  chemiits  would 
have  had  lleel  from  their  experiment  even  if  n(j  diamond  had 
been  cmplovcd  in  it.  We  tnall  not  detain  our  readers  longer^ 
but  content  ourfelves  with  laying  before  them 

An  Accoicnt  of  the  F.xtcr'nnc7its  made  hy  Mr.  M?ijhct  zvith  a 
I'U'zu  to  prove  luhcther  the  Experiment  madt:  at  the  Poly- 
technic School  refpeHing  the  Converfion  of  iron  into  Seel  by 
means  of  the  Tiiamond  is  couchijive. 

I.  "  I  introduced  into  a  crucible  fome  pieces  of  foft  mal- 
leable iron  weiohing  1250  erains.  A  larger  crucible  was 
next  taken,    half  Idled   with   fand   pounded  from   the  lire- 

•ftone  of  which  the  blaft-furnace  hearths  at  Clyde  are  made. 
Thefmall  crucible  eontaininii  the  iron  was  inverted  upon  the 
furface  of  the  fand  in  the  fceond  crucible,  and  forced  fo  far 
into  it  as  to  bring  the  iron  and  fand  nearly  into  contacl.    The 

•fpaee  betwixt  the  exterior  furface  of  the  fmall  crucible,  and 

:ihe  interior  furfoce  of  the  large  one,  was  completely  filled 
with  the  fame  land ;  the  bottom  of  the  inverted  one  alfo 
received  lialf  an  inch  of  laud.  This  quite  filled  the  outer 
crucible,  and  made  it  have  the  apoearar^iCe  of  being  entirely 

ifilleawith  fand:  a  well  fitted  fire-clay  cover  fealed  the  whole. 

•After  a  violent  heat  for  65  minutes  the  crucibles  were  with- 
drawn from  the  furnace  :  when  cool,  I  found  a  flio-ht  crack 
in  the  exterior  one ;  the  fand  however  remained  entire,  and 
firmly  cemented  together,  though  not  vitrified,  formine;  a 
tliiek  porous  lute  furrounding  the  finall  crucible.  Upon  re- 
moving the  fiind,  and  examining  the  interior  veflTel,  I  found 
the  pieces  of  iron  fufed  into  one  folid  niafs,  which  proved  foft 
Iteel.  The  mafs  of  fand,  which  occupied  the  mouth  of  the  in- 
,  verted  pot,  contained  feveral  detached  globules  of  Heel ;  thefe, 
during  the  intenfity  of  t!ie  heat,  and  the  extreme  divifion  of 
the  fluid,  had  jienetrated  the  fand,  and  one  of  them  had  ac- 
tually reached  the  bottom  of  the  outer  crucible.  Thefe  maHes 
Vol.  V.  D  d  had 
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had  in  their  defcent  conveyed  a  blackifli-blue  colour  to  the 
fand,  and  the  fufion  of  the  whole  had  glazed  the  bottom  and 
fides  of  the  inverted  crucible,  unoccupied  by  the  fand,  with 
the  fame  colour.  The  principle  button,  and  fmall  pieces, 
weighed  1229  grains:  lofs,  21  grains,  —  y'^,  of  the  original 
weight  of  the  iron. 

*'  The  quality  of  this  fteel  was  uncommonly  red-fliort,  and 
it  was  with  difficulty  it  would  take  a  form  under  the  hammer. 
When  cold  it  was  much  tougher  than  good  iteel  is  ever  found 
to  be,  and  diflended  in  this  Rate  aftonilhingly  under  the  ham- 
mer. The  fufion,  however,  had  been  moll  complete ;  every 
part  of  the  rcfult  poirefibd  a  cryftallifed  furface  more  or  lefs 
accurate.  Upon  the  whole,  the  quality  of  this  fleel  is,  I 
think,  fimilar  to  fomc  defcribed  lately  by  C.  Clouet.  Its 
uncommon  foftnefs,  while  it  poflelled  not  the  property  of 
drawing  into  (hape  with  a  fmooth  imcracked  furface,  led  me 
to  conceive  that  the  fufion  was  urged  too  fpcedily,  and  before 
the  fiifficient  quantity  of  carbon  had  been  taken  up  which 
confiitutes  good  ft  eel.  This  induced  me  to  repeat  the  experi- 
ment in  tlie  following  manner  : — 

II.  ^'  Having  prepared,  in  an  annealing-furnace,  three 
crupibles,  made  from  Sturbridge  clay,  of  various  fizes ;  into 
the  fmalleft  one  I  put  five  pieces  of  malleable  iron  weighing 
1875  grains;  upon  the  top  of  which  I  wedged  a  high-baked 
cover  of  fire-clay  :  upon  the  top  of  this  cover,  and  to  a  level 
with  the  edges  of  the  crucible,  I  introduced  infufible  fand. 
This  operation  was  performed  upon  a  plate  of  red-hot  iron, 
left  the  fudden  contacl  of  the  cold  air  diould  endanger  the 
foundnefs  of  the  pots.  The  fmall  crucible  was  next  intro-r 
duced  into  the  fecond  fize,  and  a  cover  fitted  over  the  two, 
Laftly,  this  double  crucible  was  placed  into  one  fo  muci) 
larger  as  to  admit  of  a  ftraumi  of  fand,  nearly  half  an 
inch  thick,  in  fuch  a  manner  as  to  infulate  the  former  moll 
conipletely.  This  operation  finiflied  by  covering  the  outfide 
crucible  with  a  large  fire-clav  cover.  My  reafou  for  leaving 
the  vacant  fpace  betwixt  the  two  inncrmolt  crucibles  not  1 
filled  up  was,  to  guard  againlt  any  error  in  the  refult,  which 
might  probably  be  occafioned  by  the  action  of  the  interior 
fjre-tlay  cover;,  and  the  fand^  in  their  relpc6tive  degrees  of  (T 
9  flirinkage 
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fiirinkage  and  expanfion.  7'he  whole  was  expofed  to  a  mo- 
derate white  heat  for  nearly  an  hour,  and  for  fortv  niinutes 
further  a  heat  equal  to  the  whole  power  of  the  furnaee.  The 
crucibles  were  fafely  witiidrawn,  and,  when  examined,  the 
following  fa<5ls  prefented  themfelves  : — 

"  The  outer  crucible  remained  entire ;  the  fand,  next, 
formed  an  entire  veflel  confiderably  connected.  The  feeond 
crucible  was  alfo  found,  but  in  the  bottom  of  it  I  found  an  ir- 
regular metallic  mafs.  A  faiall  hole  in  the  fide  of  the  interior 
pot  had  allowed  nearly  one-half  of  the  original  weight  of  iron 
to  pafs ;  the  remainder  of  it,  forming  a  very  beautiful  circular 
button,  refted  upon  the  bottom.  The  furface  was  cryftallifed 
in  radii,  fliooting  from  a  central  point  upon  the  upper  fur- 
face  of  the  button.  The  colledlive  weight  was  1858  grains; 
lofs,  17  grains,  =  -j-^-  part  the  weight  of  the  iron.  When  the 
metal  was  lodged  in  the  fmall  crucible,  the  fides  and  bottom 
were  glazed,  as  in  the  former  experiment. 

III.  "  The  fame  experiment  was  repeated  with  bottle 
glafs,  and  a  fimilar  length  and  degree  of  heat  applied.  The  re- 
dudlion  of  the  glafs  was  entire.  Betwixt  the  exterior  and  mid- 
dle crucible,  the  glafs  appeared  as  an  entire  interpofed  vefTel, 
completely  furronnding  the  two  fmaller  ones.  Upon  exa- 
mining the  interior  cnicible,  I  found  that  the  conta6l  of  thfe 
bottle-glafs  had  fufcd  the  cover  of  fire-clay  fitted  over  the  iron, 
and  that  the  promifcuous  fufion  of  the  glafs  and  clay  formed  a 
very  fine  dark-green  tranfparent  mafs,  beneath  which  lodged 
the  metallic  button.  The  upper  furface  ftill  preferved  the 
acutenefs  of  the  original  ans^les  upon  one  piece  of  iron ;  the 
others  had  refolved  themfelves  by  fufion  into  a  very  fine  ingot 
of  foft  (Icel  with  partially  cryitallifed  edges.  The  weight  of 
the  whole  was  1759  grains;  lefs  than  when  put  in,  five 
grains ;  equal  to  j  i-^-  *  part  of  the  whole. — I  am  convinced 
that  by  prolonging  the  heat  ten  minutes,  the  whole  iron  would 
have  entered  into  fufion.  I  would  from  this  and  other  expe- 
riments infer,  that  the  iron  is  of  more  difficult  carbonation 
vrhen  a  fufed  medium  is  made  ufe  of,  than  when  either  pure 
fand,  pure  lime,  or  clay,  are  ufed. 

IV.  "  In  order  that  no  proof  might  be  further  wanting  to 
eftablifli  the  fad  of  the  iron  receiving  the  carbon  from  its  fo- 
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lution  in  caloric,  and  to  obviate  anv  o])ject!on  which  might 
probably  be  Parted  againfi  this,  byfuppofing  that  the  carbon 
might  be  conveyed  through  the  porous  medium  of  the  earth?, 
or  the  bottle-giafs,  hcfore'w  entered  into  fufion,  I  made  the 
following  experiment : — [Javin2;  made  a  mould  in  fand,  I 
poured  into  it  thinly  fufed  eal-.areous  (tone;  and,  while  the 
fluid  was  thin,  introduced  a  f'mall  rod  of"  red-hot  iron,  fuf- 
pcndecl  by  a  very  fmail  brafs  wire.  The  dimcnfions  of  the 
rod  were  fb  proporlioiK-d  to  the  mould  that  5-8ths  of  an  inch 
of  a  vi  ri  1  crull  encircled  the  iron  on  all  fides.  The  wire 
bceamc  fu'ed  and  difengaged  as  the  ffuid  was  cmifolidating, 
lo  that  every  avenue  to  the  iron  was  completely  fliut  up.  The 
niafs  was  carefullv  cooled  to  prevent  fliivering,  and  as  care- 
fully heated,  when/introduced  into  the  furnace,  in  a  crucrble 
inverted  in  one  larger,  and  the  vacancy  betwixt  each  fhut  np 
from  air  by  means  of  pounded  bottlc-glafs.  A  cover  was 
fitted  on,  and  a  violent  heat  urged  for  nearly  two  hours.  The 
crucibles  were  taken  out,  free  from  bleiiiifli,  and  cemci>ted  as 
one  compaft  mafs.  When  cool,  I  found  the  metal  in  the 
interior  crucible  refblvcd  into  a  very  fine  ingot,  which  proved 
afterwaids  to  be  foft  ftecl ;  capable,  however,  of  hammering 
and  hardening  to  great  advantaixe.  The  weight  of  flee]  ob- 
tained was  1 1 57  grains  :  loft,  33  grains,  =  -',-  part  of  the 
whole.  The  fufed  lime,  which  had  formerly  cooled  of  a 
pi:'.e  wliitifh  porcelain  colour  variegated  with  blue  ftrcaks, 
was  now  of  a  fpongv  brown  colour,  exactly  refemblinsr  the 
lava  of  the  blaft-fumace  when  oxvgenated  crude  iron  is  pro- 
duced. This  alteration  uas  unquettionably  ow"ing  to  the  de- 
ficient weiirht  in  metal  having  in  part  been  oxvdated  by  the 
interior  air  of  the  crucible,  or  by  oxygen  from  the  furnace, 
and  united  to  the  earth  in  the  ftate  of  a  fufed  oxvde.  Th« 
great  difference  in  the  lofs  of  metal  fuftained  in  thefe  two  lafl 
ex))erimcnts  muii:  be  fought  for  in  the  quantity  of  iron  taken 
up  by  the  flux  :  in  the  others,  Ihe  fblidity  and  tranfparency 
of  the  glals  were  uncommonly  fine;  in  thefe  the  f;ux  wa8 
opaque,  dark,  and  porous,  evidently  fureharged  with  iron. 

'*  It  will  appear  from  thefe  experiments,  that  we  are  fliH 
without  any  fatisf;)6lory  or  conclufive  proof  of  the  fteolifica* 
tiori  of  iron  folcly  bv  means  of  the  diamond. 

*<  There 
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*'  There  is  one  experiment  which  would,  ii  fLiccrfsfuLo^ia- 
blifli  the  point,  C.  Clouct  c:aleulatcs,  that,  tr)  conlHtutc  orey 
cmde  iron,  i-6th  of  carbon  is  nccellary.  Were  fix  parts  of 
iron,  and  a  diamond,  equal  to  i-6lh  of  this,  fubje6led  to  the 
fame  procefs  as  formerly,  and  the  refult  grc^y,  or  carbonated 
crude  iron,  inftcad  of  (Icel,  the  inference  would  be  jull,  and 
the  conclufion  fatisfa6lory. 

"  In  tlie  prefent  fiate  of  my  infirmation,  T  doubt  whether 
tlie  diamond  aflbrded  even  one  particle  of  carbon  to  the  iron. 
From  many  experiments,  wherein  I  ufed  very  pure  well  char- 
red wood  and  malleable  iron,  I  uniformly  found  that  the 
weight  of  the  fieeliiied  ingot  nearly  equalled  the  fum  of  that 
cf  the  iron  and  carbon  originally  introduced  :  fo  that,  ia 
place  of  ha\iiig  a  lofs  of  real  iron  equal  to  ^.V,  as  experienced 
by  the/  Parifian  chemiits,  had  the  diamond  been  taken  up 
by  the  iron,  the  ingot  of  ftcel  would  have  weighed  within 
■^^o  part  of  the  aggregate  weight  of  both,  and  from  -^'^  to 
~-Q  part  more  than  the  iron  at  lirfl  introduced. 

*'  So  far  as  I  have  gone,  I  think  my  experiments  quite 
conclufive  :  the  others  you  mention  iliall  be  attended  to  in 
due  time." 

IMoxu.MEXT  TO  Count  Rumford. 

In  the  introduclion  to  a  German  tranflation  of  Count 
Rumford's  Eflays,  lately  publifhed  at  Weimar,  we  find., 
among  other  anecdotes  relative  to  the  author,  an  account  of 
a  monument  that  was  erected  at  Munich  in  the  year  1795 
in  conmicmoration  of  his  public  fervices. 

This  monument,  which  is  fituatcd  in  a  beautifid.  public  gar- 
den adjoining  to  the  ramparts  of  the  city,  was  creeled  (with- 
out the  knowledge  of  the  Count,  while  he  was  abfeut  from 
Bavaria,)  by  the  principal  inhabitants  of  Munich,  with  the 
pcrmiflion  and  approbation  of  the  late  Eleclor. 

The  monument  is  a  folid  pile  of  a  quadrangular  form,  con- 
ftru6lcd  of  hewn  (tone,  about  twenty  feet  in  height.;  and  it 
has  two  principal  fronts,  which  are  ornamented  with  Iculp- 
ture  and  infcriptions. 

Upon  on.e  of  thefe  frgnts  there  is  a  balTo  relievo  of  two 

ligures 
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figures  at  whole  Icngtli  rep refcn ting  the  Genius  of  Plcnty 
leading  Bavaria  by  the  hand,  and  ilrewing  her  path  with 
tlowers.  Under  this  emblematical  piece  of  fculpture,  upon  a 
broad  tablet  of  Bavarian  marble,  there  is  the  following  in* 
fcriptiou  in  the  German  language  i — 

LUSTWANDLER    ST^EH  ! 

DANK  ST^RKET  DEN  GENUS. 

EIN  SCHCEPFERISCHER  WINK  CARL  THEODORES, 

VON   MENSCHENFREUNDE   RUMFORD, 

MIT  GEIST.  GEFIHL,  UND  LIEB'   GEFAST, 

HAT  DIESE  EINMALS  CEDE  GEGEND 

IN   DAS   WAS    DU   NUN   UM    DICH    SIHEST 

VEREDELTr 

Which  may  be  thus  tranflated  : 

Stay,  Rambler ! 

Thankfulnefs  increafes  Enjoyment. 

The  creative  glance  of  Charles  Theodore 

Rumford,  the  Friend  of  Mankind, 

With  Genius,  Tafte,  and  Love  infpired. 

Changed  this  once  defert  place 

Into  what  thou  now  beholdeft. 

Upon  the  oppofite  front  of  the  monument  there  is  a  me- 
dallion  of  Count  Rumford,  as  large  as  the  life,  reckoned  a 
good  likenefs,  and  under  it  the  following  infcription : — 

IHM 

DER  DAS  SCHMAEH'^LTCHS TE  OEFFENTLICHER  UEBEL, 

DEN  MUESSIGANG  UND   BETTEL  TILGTE; 

DER  ARMUTH   HILF,  GEWERB   UND   SITTEN, 

DER  VATERLAENDISCHEN  lUGEND 

SO  MANCHE  BILDUNGSANSTALT  GAB  : 

LUSTWANDLER    GEH  ! 

UND  SINNE  NACH   IHM   GLEICH   ZU   SEIN 

AN   GEIST   UND  THAT, 

UND   UNS 

AN    DANK. 

In 
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In  Englifh  as  follows  : — 

To  Him 

Who  rooted  out  the  moft  difgraceful  of  public  Evils, 

Idlenefs  and  Mendicity ; 

Who  relieved  and  inllrucled  the  Poor, 

And  founded  many  Inftitutions 

For  the  Education  of  our  Youth ; 

Go,  Wanderer ! 

Strive  to  equal  him 

In  Genius  and  Activity, 

And  us 

In  Gratitude ! 

Thai  Count  Rumford  may  long  live  to  enjoy  the  heart- 
felt fatisfa(5lion  ihat  mud  refult  from  the  contemplation  of 
the  fuccefs  of  his  labours  in  promoting  the  happincfs  of  man- 
kind, muft  be  the  fincere  wifli  of  every  lover  of  fcience,  and 
of  every  true  friend  to  virtue  and  morality. 

LUMINOUS   APPEARANCE  PPvODUCED  BY  SUGAK. 

In  the  proccfs  of  breaking  fine  white  fugar  in  a  dark  apart- 
ment, a  very  perceptible  luminous  appearance  is  obferved,, 
the  caufe  of  which  is  as  much  unknown  to  us  as  that  pro- 
duced bv  rubbing  againft  each  other  two  flints,  particularlv 
thofe  of  Iceland.  The  following  is  offered  by  Dr.  Juch*,  of 
Wiirzburg,  as  a  kind  of  explanation  of  this  phenomenon: 

*'  While  breaking  refined  fugar,"  fays  he,  "  in  fmall 
pieces  with  a  hammer  and  blunt  knife,  I  fuddenly  perceived 
a  very  fingular  fmell,  which  had  a  great  refemblance  to  that 
of  fuming  nitrous  acid.  I  looked  immediatelv  round  me  to 
fee  whether  fome  vefl'el  containing  that  acid  might  not  be  in 
the  neighbourhood ;  but  I  faw  none,  and  was  certain  that 
nothing  of  the  kind  had  been  in  the  room.  I  then  examined 
the  circumftance  more  narrowly,  and  found,  on  breaking  fine 
fugar,  that  a  fmellfimilar  to  that  of  aquafortis  was  always 
perceived  by  every  perfon  prcfent. 

"This  fimultaneousdifengagcment  of  light,  and  of  the  fmell 
<)f  nitrous  acid,  I  explain  in  the  following  manner; — When 
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fugar  is  broken,  a, new  furface  being  prefented  to  the  air,  a 
real  acidifying  procefs  inftantly  takes  place :  a  fmall  portion 
of  tUe  oxygen  of  the  atmofphcrG  unites  itfelf  with  the  ixigar, 
but  not  enough  to  form  faccharine  acid,  as  the  quantity  is  not 
perhaps  fufjicient  for  that  purpofc;  and  at  the  fame  moment 
the  atmofphere  in  contact  with  the  new  furface  of  the  fugar 
is  fo  changedj  in  regard  to  the  proportion  of  jts  component 
parts,  that  it  affefts  the  olfa<ftory  organs  in  the  fame  manner  ' 
as  nitrous  acid.  This  phenomenon  may  receive  fomc  farther 
illuftration  by  repeating  the  cNperiment  id  a  clofc  veflel." 

A   SINGULAR  OXYDATION   OF   IRON. 

Dr,  Juch  alfo  gives  the  foUowing  fingulnr  notice  : — 
"  I  had,"  fays  he,  "  a  fmall  leather  fialk  filled  with  iron 
filinn-s,  which  1  frequently  ufed  with  my  eleftrophorus  both 
charged  and  uncharged.  I  had  occafion  one  day  for  a  quan- 
tity of  pure  iron,  and,  having  no  other  at  hand,  had  fecourfe 
to  the  filings  in  the  flafk,  which  I  knew  were  pure.  I  emp- 
tied it  on  a  piece  of  paper.  I  laid  the  paper  on  my  liand  in 
order  to  convey  it  to  the  place  of  its  dcllination  ;  but  T  had 
"fcarcclv  held  it  a  few  feconds  when  I  perceived  a  rtrong  heat, 
which  increafed  fo  much  that  I  could  no  longer  hold  the 
paper.  Some  minutes  after,  the  paper  became  brown,  and 
at  Icnjth  took  fire,  it  did  not,  however,  flame.  The  iron 
filincrs  were  in  a  ilatc  of  ignition  5  and  when  the  heat  had 
decreafcd,  I  found  the  iron  converted  into  a  highly  friable 
oxyd." 

ELECTni;:TTY  of  ice. 

The  fame  author  mentions,  that  eleflric  fparks  may  be 
fibtained  by  the  ufual  manipulation  from  a  cylinder  of  ice. 
Thofe  who  may  not  be  afraid  of  the  labour,  can  make  the  ex- 
ucrinient  at  the  temfKratuie  of —  16^  1{.  =;  —  y\  25  Fahr. 
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t.    On  d/fflirrif  Sorfs  of  Lime  itfd  in  Agriculture.     By 
S.MITHSOX  Ten'xAxt,  Ejq.  F.R.S.* 

1  ^"V"AS  informed  lad  fumitier,  that,  iii  the  neighbourhood 
bf  Doncafter,  two  kinds  of  lime  were  employed  in  agricul- 
ture, which  were  fuppofcd  to  differ  materially  in  their  effctts. 
One  of  thefe,  which  was  procured  near  the  town,  it  was  ne- 
ccflliry  to  ufe  fparinglv,  and  to  fpread  very  e\'enly  over  the 
land :  for  it  was  faid,  that  a  large  proportion  of  it,  inftead  of 
increafing,  diminifhed  the  fertility  of  the  foil ;  and  that, 
\vhcrever  a  heap  of  it  was  left  in  one  fpOt,  all  vegetation  was 
prevented  for  miny  years.  Fifty  or  fixty  bufliels  upon  an 
acre,  were  confidcrcd  to  be  as  much  as  could  be  ufed  with 
advantage.  The  other  fort  of  lime,  which  was  obtained  from 
H.  village  near  Ferrv-bridgc,  though  confiderably  dearer  from 
Ihc  diltant  carriage,  was  niore  frequently  employed, on  account 
of  its  fuperior  utility.  A  large  quantity  was  never  found 
lo  be  injurious.;  and  the  Ipots  which  were  entirely  covered 
with  it,  inftead  of  being,  rendered  barren,  became  remark- 
ably fertile.  The  different  properties  afcribed  to  thefe  two 
kinds  of  lime  were  fo  very  diftinct,  that  it  feemed  probable 
they  could  not  be  imaginary;  and  it  therefore  appeared  to 
be  worth  the  trouble  of  afcertiihing  them  more  fully,  and 

•  From  the  PbiL  Tiwif,  of  the  Rrjval  Socidv  for  1799,  Tart  II. 
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of  attempting  to  difcover  the  nature  of  the  ingredients  from 
whence  the  ditVerenee  arole.  For  this  purpoie  I  procured 
feme  pieces  of  each  fort  of  Hnieflone,  and  firll  tried  what 
tvould  be  their  elVect  upon  vf>i<>;tablcs,  in  tb.eir  nalriral  ftaie,, 
by  reducing  them  to  eoarfe  powder,  and  lowing  in  them  th<; 
leeds  of  ditierent  plants.  In  both  kinds  the  {<:i:<\6  grew 
equally  well,  and  nearly  in  the  fame  manner  as  they  would 
in  fand,  or  any  other  fuljdaiiee  which  aObrds  no  nourifliment 
to  vegetables.  Pieces  of  eaclv  fort  of  ftone  were  then  burnt 
to  lime ;  and,  after  they  bad  been  expofed  for  fonie  weeks  to- 
the  air,  tliat  their  canllieitv  might  be  diminillied,  fome  feeds 
were  town  in  them.  In  liie  kind  of  lime  which  was  found 
moft  beneficial  to  land,  almoft  all  the  feeds  came  up,  and 
continued  to  grou  as  Ioul^  as  they  were  fupplied  with  water  \ 
and  the  roots  of  the  plants  had  manv  fibres,  which  had  pc* 
netrated  to  the  bottom  of  the  cup  in  which  they  grew.  Upon 
examining  the  compofition  of  this  fort  of  lime,  it  proved  to 
confilt  entirely  of  calcareous  eartli.  Bv  its  expofure  to  the 
?/ir  ior  about  three  month.-!,  it  was  found  to  have  abforbed 
4-5fhs  of  the  fixed  air  re([uired  to  faturate  it.  In  the  other 
kind,  a  few  only  of  the  feeds  grew,  and  tlie  plants  produced 
from  them  had  hardly  anv  lialks  or  roots,  being  formed  al- 
moft  cntirelv  of  the  two  feed-leaves,  which  lay  quite  loofii 
npon  the  furface.  This  fort  of  lime,  being  fpread  upon  a 
garden  foil,  to  the  thickncfs  of  about  the  tenth  of  an  inch, 
prevented  nearlv  all  the  leeds  winch  had  been  iown  from 
cominc:  up,  whilft  no  injury  Vvas  oecalioned  by  common 
lime  ufed  in  tlie  lame  manner.  Upon  examining  the  com- 
pofition of  this  fubltance,  which  was  fo  deftruotive  to  the 
plants,  it  was  diieovered  lo  contain  three  parts  of  pure  cal- 
careous earth,  and  two  of  magnefia.  The  quantity  of  fixed 
air  which  it  had  abforbed,  by  being  expofed  for  about  thd 
fame  time  as  the  pure  lime  juft  mentioned,  was  only  42  hun- 
dredths of  that  combined  with  it  before  it  was  burnt. 

As  it  fcemed  probable  that  the  magnefia  contained  in  thtH 
lime  was  the  caufe  of  its  peculiar  properties,  the  following 
experiments  were  made,  to  detennine  the  eifects  of  that  fub- 
i^ance  upon  the  grow  th  of  vegetables.  Some  feeds,  chiefly 
of  colcwort,  which  were  preferred  fruin  their  growing  <[uickly, 
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^u-cre  fown  in  uncalcincd  magncfia;  but,  though  they  fprouted, 
the  leaves  never  rofe  above  the  furfaec,  and  the  plants  were 
cntirclv  without  roots,  nor  did  tliey  appear  to  grow  better  in 
niagnelia  which  had  been  waflied  in  water  containing  fixed 
air.  Calcined  magnefia  was,  however,  much  move  dcflruc- 
live,  as  the  feeds  would  not  come  up  in  it.  To  compare  it» 
•  effects  on  vegetables  with  thole  of  lime,  each  of  thefe  earths 
was  mixed,  in  different  proportions,  with  fand,  in  fmall  cups,, 
in  which  feeds  were  then  fown.  The  lime  was  obtained  from 
marble;  and,  before  it  was  put  into  the  fand,  was  made  to 
fall  to  powder,  bv  being  moiftened  with  water.  In  a  mix- 
ture of  four  ounces  of  fand  with  three  or  four  grains  of  cal- 
cined magncfia,  it  was  a  long  time  before  the  feeds  came  up, 
and  the  plants  had  hardly  any  roots  or  ftalks  ;  and,  with  ten 
grains  or  more  of  magr^efia,  -.here  was  no  appearance  of  ve- 
getation. Thirty  or  forty  grains  of  lime  did  not  retard  the 
growth  of  the  feeds  more  than  three  or  four  of  magnefia,  and 
the  injurious  cffefts  were  not  fo  lafting.  The  'lime,  by  ab- 
forbing  fixed  air,  foon  lo(l  its  dcftructive  properties;  fo  that, 
after  keeping  thefe  mixtures  four  or  five  weeks,  feeds  were 
found  to  grow  in  that  witli  forty  grains  of  lime,  nearly  a:? 
well  as  in  pure  fand  ;  but,  in  that  with  four  grains  of  mag- 
nefia, they  produced  only  the  feed-leaves,  as  was  defcrlbed 
before.  It  was  ncceffarv  occafionally  to  break  in  pieces  the 
fand  which  had  fo  much  lime,  as  it  would  othervvife  have 
been  too  hard  to  admit  the  feeds  to  penetrate  through  it. 
Plants  will  bear  a  much  larger  proportion  of  magnefia  in  ve- 
getable foil  than  in  fand  :  with  twenty  grains,  however,  of 
calcined  magncfia,  in  as  much  foil  as  was  equal  in  bulk  to 
four  ounces  of  fand,  the  feeds  produced  only  the  feed-leaves 
without  roots;  and,  with  about  forty  grains,  they  were  cn- 
tirclv prevented  from  coming  up. 

In  countries  wh^^re  the  magncfian  lime  is  emplovrd,  it 
was  faid,  that  the  barrcnncfs  of  any  fpol  on  which  a  iieap  of 
it  had  been  laid,  would  continue  for  many  years.  To  learn 
how  far  it  could  bv  tinse  be  deprived  of  its  injurious  (|uali- 
ties,  I  procured  fome  pieces  of  niortar,  made  of  this  fpecies 
of  lime,  from  two  houfes,  one  of  which  had  been  built  three, 
-  ^nd  the  otjier  eight  year* :  ihey  were  taken  from  the  outfidc 
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of  the  building,  where  they  had  been  expofed  to  the  ut^ 
After  they  were  reduced  to  powder,  feeds. were  fown  in  them.. 
Only  a  few  came  up,  and  even  thofe  produced  merely  the 
feed-leaves,  without  any  roots.  As  plants  would  grow  in 
the  limeftone  from  which  this  fpecies  of  Hme  was  formed, 
altho.ugh  not  in  the  mortar  made  from  it,  I  wifhed  to  knov/ 
what  proportion  of  the  fixed  air,  orieinally  contained  in  the 
iimeflone,  had  been  abforbed  by  the  mortar.  For  this,  pur- 
pofe  a  piece  of  it  was  finely  powdered,  to  nender  it  of  an  uni- 
form quality :  it  v.-as  then  tried  how  much  of  this  powder, 
and  of  the  Iimeflone,  would  faturate  the  fame  quantity  of 
acid  :  by  this  means  I  afcertained  the  proportions  of  lime- 
ftone and  mortar,  containing  equal  quantities  of  the  magne- 
iian  lime.  The  fixed  air  being  obtained  from  them  in  thofe 
proportions,  and  rneafured  in  an  inverted  veflcl,  with  quick- 
iilver,  it  was  found  that  the  mortar  which  had  been  cxpofcd 
three  years  had  abforbed  43,  and  that  of  eight  vears  only. 
47  hundredths  of  the  quantity  originally  contained  in  tlic 
Iimeflone.  I  was  not  able  to  obtain  any  mortar  which  had 
^een  made  earlier,  though  it  might  deferve  to  be  known  how 
much  fixed  air  it  was  ultimately  capable  of  abforbing.  Com- 
mon mortar,  which  had  been  expofed  to  the  air  for  a  year 
and  three  quarters,  had  regained  6^,  hundredths  of  its  full 
quantity  of  fixed  air. 

As  the  preceding  experiments  were  tried  duiino;  the  winter, 
in  a  room  warmed  by  fire,  perhaps  under  circumftanccs  more 
favourable  to  vegetation,  the  fame  quantity  of  magnefia  would 
not  be  equally  pernicious. 

Magnefian  limeftone  may  be  cafily  diftinguidicd  from  that 
which  is  purely  calcareous  by  the  (lownefs  of  its  folution  in 
acids,  which  is  fo  confiderablc,  that  even  the  fofteft  kind  of 
the  former  is  nnich  longer  in  diilblving  than  marble.  From 
this  property  of  the  magnefian  limeftone,  there  appeared  t(». 
be  reafon  for  fufpefting  that  the  kind  of  marble  which  had 
been  called  Dolomite,  from  M.  Dolomieu,  who  firil  re- 
marked its  peculiarity  in  dilTolving  flowlv,  might  alfo  be 
fnnilar  in  its  compofition.  An  analvfis  of  this  fubltance 
wa.s  latclv  given  in  the  Journal  dc  Pbv/hjuc :  but  this  is  pro- 
bably erroneous ;  for,  upon  examining  three  fpecimens,  they 
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Tcre  found  to  confift  ofniagnclli  and  calcareous  earth,  like  the 
r.iagneli;ui  linicltonc }  fo  that  it  ought  no  douht  to  be  confidcr- 
cd  as  the  famefpecics  of  ftonc,  hut  in  a  (late  of  greater  puritj'. 
The  pieces  of  dolomite  were  from  different  places;  one  of  them 
bcino;  found  amono-  the  ruins  of  Rome,  where  it  is  thought 
to  have  come  from  Greece,  as  many  ftatues  of  Grecian  work- 
iiianfliip  arc  made  of  it,  and  no  quarries  of  a  fimilar  kind  are  , 
knoun  in  Itajv  ;  the  fecond  was  faid  to  have  been  thrown  up 
by  Mount  \'efuvius ;  and  tlie  third  was  from  lona,  one  of 
the  Aveftem  iftands  of  Scoliand.  In  many  kinds  of  comiiion 
luarblc,  fmall  particles  and  veins  may  be  obferved,  which  are 
a  long  lime  in  dilTolviing.  Thefc,  upon  examination,  I  dif- 
covered  to  contain  a  confidcrable  proportion  of  magnefia; 
but,  as  tliev  were  probahlv  not  quite  free  from  the  furround- 
ing  marble,  I  did  not  afcertain  the  quantity  precifely. 

The  cryftallifed  ftruclure  which  may  generally  be  obfen'ed 
in  the  magnefian  timedonc,  feems  to  lliew  that  it  has  not 
been  formed  by  the  accidental  union  of  the  two  earths,  but 
nuift  have  refulted  from  their  chemical  combination.  The 
difficultv  of  dinblving  it,  may  alfo  arife  from  the  attra(5lion 
of  the  diHerent  component  parts  to.  each  other.  The  mortar 
formed  from  this  kind  of  lime  is  as  foluble  in  acids  as  com- 
inon  marble;  and  thefubilanccs  of  which  it  confifts  are  eafily 
feparatcd.  The  maeneiia  maybe  taken  from  it  by  boihng  it 
in  muriatcd  lime,  and  lime  is  precipitated  by  it  from  lime 
M'ater ;  but  neither  of  tliele  elfects  can  be  produced  by  the 
itone  be^re  it  is  calcined. 

Magnefian  limcitone  is  probablv  very  abundant  in  various 
parts  of  F.ngland.  It  appears  to  extend  for  thirty  or  forty 
guiles,  from  a  little  fouth-weft  of  Workfop  in  ISiottingham- 
iliire,  to  near  Ferrv-bridge  in  Yorkfliire.  About  five  or  fix 
miles  further  north  there  is  a  quarry  of  it,  near  Sherburn; 
but  whether  this  is  a  continuation  from  the  Itratum  near 
t'erry-bridge,  I  have  not  learnt.  From  fome  fpecimens  which 
were  fent  me,  I  find  that  the  cathedral  and  walls  of  York  are 
made  of  it.  I  have  not  been  able  to  learn  whether  there 
were  any  (hells  in  the  limefione  of  the  tract  of  countiy  be- 
fore-mentioned. In  Mr.  Marlhall's  account  of  the  aiiricul- 
ture  of  the  midland  counties,  he  fpeaks  of  the  lime  made  at 
l|3rcedon,  near  Derby,  as  dellruclive  to  vegetables,  wheu  ufed 
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in  large  qaantitles.  I  therefore  procured  feme  pieces  of  it, 
and  they  were  dlfcovcrcd  to  contain  nearly  the  fame  propor- 
tion of  magnefia  as  that  before  defcribed.  In  this  quarr)-  the 
flone  is  frequently  cryftallifed  in  a  rhomboidal  form ;  and 
petrified  (hells,  not  calcareous,  but  limjlar  in  conipofition  to 
the  ftone  itfelf,  arc  fomctimes,  but  very  rarely,  found  in  it. 
This  fubftance  feenis  to  be  connnon  in  Northumberland.  In 
the  third  volume  of  the  Annals  of  Agriculture,  Dr.  Fenwick, 
of  Newcaftle,  obferves,  that  the  farmers  of  that  country  di- 
vide limes  into  hot  and  mild.  The  former  of  thcfe  is  no 
doubt  macrncfian,  as  it  has  fimilar  efi'ecls  on  the  foil ;  and 
he  remarks,  that  it  is  not  fo  eafily  dillolved  in  acids  as  the 
latter.  At  Matlock,  in  Derbyfliirc,  the  two  kinds  are  con- 
tiguous to  each  other ;  the  rocks  on  the  fide  of  the  river 
where  the  houfes  are  built  being  magnefian,  ancl  on  the  other 
calcareous.  The  magnefian  rock  appears  alfo  to  be  incum- 
bent upon  a  calcareous  ftratum ;  for,  in  defcending  a  cave 
fomied  in  tills  rock,  a  diltinft  vein  of  common  limeftone 
may  be  obferved,  which  contains  no  magnefia.  The  latter 
itratum  is  verv  full  of  fliclls;  but,  though  there  are  fome  alfo 
in  the  magnefian  rock,  yet  they  arc  very  rare.  In  the  fol- 
lowing tables,  containing  the  analyfis  of  various  fpecimcns, 
fome  other  places  are  mentioned  where  this  fubftance  is 
found,  but  of  which  I  received  no  furtlier  information. 

After  it  was  known  that  the  magnefian  marble  and  lime- 
ftone confiited  of  the  two  earths,  their  proportion  was  at- 
tempted to  be  difcovered,  by  trying  how  niuch  gypfuni  and 
Epfom  fait  could  be  obtained,  bv  means  of  vitriolic  acid, 
from  a  certain  weight  of  each  fpccimeu.  ^\'hen  the  fuper- 
fluous  vitriolic  acid  had  been  evaporated  by  heat,  the  Epfoni 
fait  was  feparated  from  the  gypfum  bv  water.  The  refult  of 
thefe  trials  is  exprefled  in  the  following  table  : — ■ 

Dry  Giffum.    I>ry  Epfcm  Sal.". 

5  grains  of  limefionc  from  Brcedon  gave  3 .9  3.1  5 

Matlock       -  3.95        a. 9 

\\'orkfop      -  3.8  3.0 

York         -  3..S  3.1 

5  crrains  of  calcareous  fpar,  and  i  orraln  "1 

of  calcined  magnefia.  crave         -  f  ' 
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As  the  prL-ccciiiv.:;  method  of  cfilniating  the  qunntiiics  of 
inagiiofia  and  calcareous  earth  is  Habic  to  confidcrablc  error, 
I  afterwards  examined  them  in  the  following  manner,  which 
I'ccnis  capable  of  great  cxachiefs  : — Twenty-five  grains  of 
each  rubdance  were  dillblved,  bv  marine  acid,  in  a  cup  of 
platina,  and,  after  the  folution  was  evaporated  to  drynefs, 
it  was  made  red-hot  for  a  few  mniutcs.  The  mafs  remain- 
ing in  the  cup,  \^■hich  coniifU.'d  of  muriated  lime,  and  of  the 
magnefia  freed  from  tlie  acid,  was  waflied  out  with  water, 
and  poured  into  a  phial.  There  was  then  added  to  it  a 
known  quai\tity  of  diluted  marine  acid,  fomewhat  more 
thati  was  fufficient  to  redilfolve  the  magnefia,  and,  after  the 
folution,  a  certain  weight  of  calcareous  fpar,  part  of  which 
would  be  dillblved  by  the  i'uperfiuous  acid.  By  the  quantity 
of  ipar  remaining  undilfolved,  it  was  learnt  how  much  acid 
was  required  to  diUblve  the  magnefia.  The  iron  and  argil- 
laceous earth  contained  in  fome  fpecimens,  w'cre  precipi- 
tated by  the  fpar^  and  therefore  could  not  occafion  any  error. 
The  calcareous  fpar,  however,  dilfolved  more  flowly  wheiu 
there  was  argillaceous  earth,  as  it  bccanie  coated  with  it ; 
but  this  inerultation  was  occafioiially  removcjd,  and,  in  all 
the  experiments,  the  fpar  was  left  in  the  folution  till  it  fuf- 
fered  no  further  diminution.  For  this  purpofe  it  was  necef- 
fary  to  keep  them  fliglitly  warm  for  fome  days,  during  which 
time  the  phials  were  generally  clofcd,  to  prevent  any  cfcapc 
of  the  acid. 

The  lirfc  experiment  in  the  following  table  was  made  upon 
known  quantities  of  magnefia  and  calcareous  earth,  to  try 
(he  accuracy  of  tlie  procefs.  For  this  purpofe,  alfo,  the  fe- 
cond  was  repeated  upon  a  piece  of  limeftonc,  prcvioufly  pow- 
dered, to  render  every  part  of  it  of  the  fame  quality.  The 
flril  column  iliews  the  quantity  of  calcareous  fpar  which 
might  have  been  dilfolved  by  the  acid  required  to  take  up 
the  magnefia.  The  fecond  fliews  the  correfponding  quanti- 
ties o(  magnefia  in  25  grains  of  each  fubflance..  The  third 
cxprelVcs  the  quantity  of  lime.  This  was  inferred  by  fub- 
tracting  the  weight  of  the  magnefia,  and  of  the  iron  and 
clay,  from  1^.2  grains,  the  weight  of  the  whole  quantity  of 
earth  in  25  t^rain?  of  limeflone,     Tliii  is  probably  not  very 

incorrect. 
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Incorrect,  a-,  in  two  fpecinicns  which  diflfcred  moft  in  th^ 
proportion  of  mafrncfia  and  lime,  the  weight  of  the  twcV 
earths  was  nearly  the  lame. 

A  piece  of  dolomite,  from  Rome,  was  wrapped  in  a  thin 
leaf  of  platina,  that  no  part  of  it  might  be  lolt,  and,  heini^ 
then  cxpofed  to  a  Itrong  heat,  left  of  earth    -    ^^.^  per  cent. 
Dolomite  from  Mount  Vefuvius  -  52.8 

Breedou  limcdonc  -  -  S^A 

Calcareous  fpar  left  of  lime         -  -  .55-8 

In  three  of  the  e.\pcrin)cnls,  alfo,  the  calcareous  earth  was 
precipitated  hy  mineral  alkali ;  and  the  (juantity  of  it  being 
tried  by  that  of  the  marine  acid  required  to  diflblve  it,  it 
correfponded  very  nearly  with  that  put  down. 

A  quantitv  of  marine  vicid  which  would  diH'olvc  15  grain- 
of  calcavL'ous  fpar,  wcruld  alio  dilfolve  5.5  of  calcined  mag- 
nefia,  and  2.5  grains  of  fpar;  fo  that  12. 5  grains  of  Ipar,  re 
<pure»d  the  fame  quantity  of  acid  as  5.5  grains  of  mag;nefia. 

The  niagnelia  ufed  was  very  pure,  and  made  red-hot  ini- 
n:kediatelv  before  it  was  weiirhed. 
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11.  A'jrenJd,  or  a  CoUc.lhn  of  Obj'i:r-jatlons  and  RcfcarcheSy 
the  Rifults  of  lukich  may  frve  as  the  Foundaimi  for  a 
Theory  of  the  Edrth.      By  M.  Dk  Sa  USfi  C  uh. 
[Concluded  from  Page  i4'>.] 

C  H  A  I'.    XXIII. 

Inflruments  ncccjfary  for  the  Geological  Trai'dler. 

1 .  X  1 1  £  moH:  neccflTarv  inflrunicnt  is  the  miner's  hammer. 
It  will  be  requifite  to  have  two,  of  different  fizcs  :  one  fmal!, 
to  break  fmall  fragments  of  rolled  pebbles,  by  holding  them 
in  the  left  hand  while  you  ftiikc  with  the  right.  Its  weight, 
including  the  handle,  oiight  to  be  about  ten  ounces.  The 
other  muft  be  larger,  to  detach  fragments  of  rock,  and  to 
break  large  pebbles :  its  weight  o-ight  to  be  quadruple  that 
of  the  fmall  one.  When  I  travel  on  horfeback,  I  have  thefe 
two  hammers  fufpcnded  from  the  bow  of  mv  faddle. 

1.  A.  Two  llone-cutter's  chifels  :  one  fmall,  of  from  a  line 
to  a  line  and  a  half,  to  detach  fmall  cryftals,  or  other  objects 
of  fmall  bulk ;  the  other,  {c\^n  or  eight  lines. 

2.  To  try  the  hardnefs  of  foflils,  a  piece  of  ftcel  to  ftrike 
fire  will  be  neceflary ;  alfo  a  triangular  file,  pretty  fine,  and  a 
iirong  bodkin  of  tempered  ftecl. 

3.  Nitrous  acid,  with  M.  Dc  Morveau's  boxes  of  re- 
agents. 

3.  A.  An  artificial  magnet,  in  a  cafe,  with  a  ftctl  pivot 
on  which  it  can  be  placed,  to  try  the  magnctifm  of  foffils. 

4.  A  magnifying  glals  of  tb.rec  inches  focus,  in  order  to 
enable  the  obferver  to  form  a  general  idea  of  any  foflil :  an- 
other, of  an  inch  focus,  to  examine  its  feparated  parts;  and 
oncoffiveorfix  lines  fol*  clufer  examination.  Thefe  three 
Biagnifiers  mufi  be  aUvavs  in  the  traveller's  pocket,  or  ready 
at  hand :  but,  befides  thefe,  he  muft  have,  for  his  clofet  at 
home,  a  microfcope  furnifiied  with  a  micrometer. 

5.  Telefcopes,  to  obferve  inacccflible  mines  and  diilant 
mountains. 

6.  A  pocket  portfolio;  with  prepared  paper  for  writing  on. 
Vol.  V.  F  f  ■  wiik 
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with  a  pencil  of  tia  foUicr,  which  it  is  not  necelTiiry  always 
to  cut,  and  the  writino-  of  which  is  not  fo  cafily  eiTacecl  as! 
that  of  plumbago.  In  this  porlfolio  the  traveller  mull  write 
out,  on  the  fpot,  the  fketcli  of  his  journal,  and  infert  fuch 
obfervations  as  occur  to  him  ;  but  he  nuift  take  the  trouble 
to  tranfcribe  thefe  notes  at  more  length,  prcferving  the  pri- 
mitive notes,  which  will  always  retain  a  character  of  trulhj 
and  for  that  reai'on  people  arc  fond  of  recurring  to  them. 

7.  Some  quires  of  brown  paper,  a  few  fiieets  of  wl.ic'u 
tp.ay  be  carried  in  the  pocket  for  wrapping  up  on  the  fpot 
ipecimens  of  the  Itoncs  you  coliecV.,  the  characters  of  winch 
<Hight  to  be  marked  on  the  cmer.  You  may  afterwards  pack 
them  with  hav  into  a  bag  deftined  for  that  purpofc,  until  von 
have  a  rulficient  quantity  to  form  a  box,  which  vou  mav  fencF 
home  by  the  public  carriages  wherever  vou  find  an  oporlu- 
nity  ;  Init,  as  it  is  fatiguing  for  the  traveller  to  laad  his  poc- 
kets during  the  time  of  his  e:<curfions,  and  as  the  guides  often 
lofe  them  (^n  purpofe  in  order  to  get  rid  of  them,  I  have  be- 
hind my  faddle  two  leathern  bags,  into  which  I  put  them  till 
J  come  to  fome  halting-place,  where  I  have  time  to  pack 
them  with  h".y  into  a  bag.  A1.  Beflbn  reconmiends  to  thofc 
who  undertake  fea  voyages  to  write  v.ith  China  ink  thc'cha- 
raii'lcrs  which  ought  to  accompanv  minerals  in  long  pafiaQcs, 
becaufe  comuKm.ink  may  be  effaced  bv  accidents. 

8.  A  blow-pipe,  with  its  apparatus.  As  I  make  much 
life  of  this  inftrument,  which  at  length  fatigues  me,  though 
I  can  bUnv  with  my  cheeks  without  cxerciling  my  breaft,  I 
caufcd  to  be  conftru^tcd  a  pair  of  portable  double  bellows, 
the  fkles  of  which  contain  each  lixty-two  fquare  inches. 
'lliefe  bellows  caji  be  fufpendcd  from  the  edge  of  a  table;, 
and  I  put  them  in  motion  by  prefling  together,  between  mv 
knees,  the  iv/o  bandies,  which  afterwards  leparate  bv  the 
a61:ion  of  the  fpring.  I'his  apparatus  may  be  ealiiy  carried, 
and  is  vcrv  convenient. 

<^.  A  graduated  femicircle  traced  out  on  3  copper-plate  of 

a  form  exaAly  rectangular,  with  a  plunnnet  iuipended  from 

•the  centre  of  the  femicircle.     This  femicircle  is  the  mod, 

convcniciifinftrument  for  meafuringthe  inclination  of  ftrata, 

of  veins  and  declivities:   and  it  may  always  be  carried  in  a 

pocket  of  dif  portfaliu. 

10.  A 
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10.  A  comnnfs!,  fiirniriicd  with  a  enjfs  (taff,  to  flnt!  tlio  cli- 
rc'Ctiou  of  mountains,  cliain.s,  \  allies,  and  lirata, 

11.  Portable  barometers  with  two  merenrial  tlicrniomc- 
IVr?; ;  one  athxcd  to  a  barometer  lo  eltiniate  the  temperature 
of  the  mereurv  in  the  latter,  and  the  other  with  a  bare  bulb 
for  meafuring  the  temperature  of  the  air.  Thole  who  (tudy 
mcteorologv,  as  well  as  <reoloiiv,  ought  to  be  furniOied  alio 
with  an  liygrometer  and  an  clecb-onieter. 

12.  Tor  afeertaining  the  temperature  of  the  lea,  at  great 
depths,  it  will  be  aeeelfarv  to  have  a  tliermometcr  conftrucled 
like  that  deferibed  in  my  Travels  through  the  Alps  * :  for 
Kikes,  an  apparatus  like  ti^at  pc^inted  out  in  the  note  of  Sec- 
lion  1399,  will  be  fmTicJeRt. 

13.  Thofc  who  underdand  a  little  geomctrv,  ought  to  pro- 
vide thcmfelves  willi  a  fcxtant,  having  an  artitieial  horizon, 
and  alfo  a  chain,  in  order  that  they  may  be  able  to  meafure 
a  bafo,  and  thus  tike  the  altitude  of  an  inaeceilible  peak,  the 
breadth  «f  a  river,  Sec.  8ce.  With  this  icxtant  thev  mav 
alfo  fmd  the  latitudes.  In  regard  to  the  lonaitudes,  they  re- 
quire, belides  inftrumcnts,  an  expertnefs  in  this  kind  of  ob- 
fervation,  which  cannot  be  attained  but  by  mariners  or  pro- 
felfcd  aftrononiers. 

14.  It  will  be  neccfTary  alfo  to  have  within  reach  tools  for 
repairing  an  inUrument  in  cafe  it  fliould  happen  to  be  de- 
ranged; fuch  as  pincers,  files,  turnferews,  compalfes,  giin- 
blets,  wire,  needles,  thread,  and  packthread. 

15.  Laftly,  fome  good  map,  palled  on  canvas,  of  thccoim- 
trv  you  propofe  to  examine;  and  this  map  ought  frequently 
lo  be  compared  with  your  itinerary,  and  the  bearings  given 
by  your  compar>. 

16.  In  regard  to  the  care  required  for  the  traveller's  perR^n. 
he  mull  have  a  light  drefs  made  of  cloth,  without  lininn-,  of 
a  white  colour,  as  well  as  his  hat,  that  he  may  be  lefs  ex- 
polcd  to  the  he.it  of  the  fun's  rays;  with  jackets,  fome  cool  for 
the  warm  regioii^  and  the  vallies,  and  the  other  warm  for 
the  cool  regions  and  eminences;  a  good  great  coat ;  green 
fpe^laeles,  and  a  black  crape,  to  fccure  the  eves  and  face  from 
the  fnow.  Lafllv,  if  he  is  to  pafs  the  night  in  the  open  air,  a 

*  Scciion  17QZ,   Plnte  i,  fig.  3. 
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tent  or  ciinnon'ierc,  a  bear's  fkin  lo  flccp  upon,  and  woollen 
blanket?. 

!•].  A  iolicHioht  walklng-poic:  mine  for  the  liigh  A1))S 
is  a  young  fir-plant,  cxtrcincly  dry,  feven  feet  in  lentrth  ancT 
1 8  lines  in  diameter  at  the  lower  end,  which  is  fliod  witii 
iron  tapering  to  a  firong  point.  Thefe  dimenfions  mav  appear 
large,  but  nothing  can  be  loo  ftrontr  for  the  lieep  rocks,  gla- 
ciers, and  fnow,  when  you  are  obliged  to  take  your  point  of 
fujiport  at  a  diftancc  from  vou,  and  to  reft  the  whole  weight 
of  your  body  on  your  pole,  by  holding  it  in  a  ntuation  very 
much  inclined,  and  even  horizontal,  as  may  be  feen  in  the 
Vignette  to  the  Firft  Volume  of  my  Travels  through  the  Alps. 
— For  mountains  which  are  not  fo  fteep,  the  traveller  mav 
be  fatislied  with  poles  of  lefs  ftrcngth  and  fize;  but  it  will 
ftill  be  necelTary  that  they  fliould  be  four  or  five  feet  in  height, 
and  fufficicntly  (Irong  that  a  petfon  might  be  able  to  fnpport 
hinifelf  with  his  two  hands  by  holding  them  in  a  horizontal 
fituation,  according  to  the  attitude  of  the  fmall  figure  wjiieh 
15  on  the  left  fide  at  top  of  the  before-mentioned  vignette;  for, 
in  traverfing  or  clefccnding  a  rapid  dcclivitv,  or  in  walking 
on  the  margin  or  edge  of  a  precipice,  the  traveller  mud  al- 
ways fupport  himfclf  bv  his  two  hands,  holding  the  pole  to- 
wards the  mountain,  and  not  towards  the  precipice,  as  thofe  do 
w  ho  have  not  learned  the  art  of  travelling  through  mountains. 

iS.  To  prevent  flipping  on  the  hard  fnow-icc,  and  grafs- 
plats,  which  are  fiill  more  dangerous,!  would  recon^mend  iron 
cramps,  fuch  as  thofe  which  I  have  caufed  to  be  engraved  in 
the  third  plate  of  the  firl'l  volume,  and  which  I  have  long 
nfed  with  fuccefs.  In  mv  lafi  exeurfions,  however,  I  pre- 
ferred llioes,  the  thick  folcs  of  which  were  armed  with  ftron"- 
t uks,  at  the  diftance  of  cjoht  or  nine  lines  from  each  other. 
'i"he  heads  of  thefe  tacks  are  of  (tee),  and  (liaped  like  a  fquarc 
pyramid:  I  have  fom.e  imall  ones,  tiie  points  of  which  are 
only  t\'.o  lines  and  a  half  in  height,  and  of  about  the  fame 
breadth,  for  the  fnow-rocks  and  crrafs-plats  j  and  others,  of 
double  thefe  dimenfions,  for  the  harrl  fnow. 

19.  In  the  laft  place,  with  regard  to  provifions,  when  the 
trax'cller  muft  refide  for  a  confiderable  time  in  the  defarts,  at 
a  di Trance  from  habitations,  and  even  huts,  he  mav  carry 

with 
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with  liini  fomc  Hilt  or  pickled  meat ;  but  ?^I.  Parmcnticr's 
faloop  of  potatoes,  with  cakes  of  portable  foup,  ^hkI  bread, 
will  form  the  mofl  nourifhins;-  footl,  and  what  may  be  con- 
tained in  the  lca(t  room.  A  linail  iron  chaffmg-difh,  a  fmall 
bag  filled  with  charcoal,  anci  a  pan  <.>f  tinned  copper  or  iron, 
form  nirkitciUMi  apparatus  lor  trie  mountain^  :  wooden  plates 
and  fpoons  mav  be  found  in  the  remoteft  huts.  It  will  be 
proper,  howen-er,  to  carry  alwavs  in  the  pocket  a  cup  of 
gum  elaflic,  in  order  that  the  traveller  may  at  all  times  ealily 
quench  his  third,  a  want  to  whicii  he  will  be  frccjuently  ex- 
pofed  in  hi?  excurfions. 

From  what  has  been  Giid,  it  may  be  readily  fecn,  that  the 
ftudy  of  geology  will  not  (hit  the  indolent  or  fen fu al ;  for  the 
life  of  the  geolognc  muft  be  divided  between  fatiguing  and 
perilous  journies,  in  which  he  is  deprived  of  almoft  all  the 
conveniences  of  life,  and  the  varied  and  deep  refearches  of 
the  clofet.  But  what  is  ft  ill  more  rare,  and  perhaps  more  ne- 
ccfTarv  than  thczcal  rcquifite  to  furmount  tliefe  obftacles,  is,  a 
mind  free  from  prejudice,  filled  with  an  ardent  dcfire  for  the 
truth  alone,  rather  than  with  a  dciire  for  raifing  or  deftroying 
fyftems;  capable  of  defcending  to  minute  details  indifpcnfibly 
necefiary  for  the  corrcil-tnefs  and  certainty  erf  obfervations, 
and  of  rifina:  to  o-rand  views  and  (lencral  conceptions.  Thofe 
fond  of  fuch  iiudies,  ought  not,  however,  to  be  difcouraged 
by  thefc  diflieidties;  there  is  no  traveller  who  may  not  make 
fomc  good  obfervation,  and  brina"  with  him  at  lead  one  ftonc 
worthy  of  being  employed  in  the  conftruction  of  tliis  grand 
edifice.  It  is  indeed  poflible  to  be  ufetui  without  attaininq; 
to  perfection  ;  for  I  have  no  doubt  that  if  i!ie  mineralogical 
travels,  even  the  molt  efleemetl,  and  much  more  thofeof  the 
author,  be  coniparcd  with  thcfc  Agenda,  there  will  be  found 
ia  fheni  many  deficiencies,  and  many  oblcrvations,  either  im- 
pcrfe6l,  or  even  totallv  forgotten:  but  I  have  mentioned  the 
realon  in  the  Introduelion.  Befides,  feveral  of  thefc  ideas 
did  not  occur  till  I  had  llniHicd  my  travels;  and  for  that  rea- 
fou  I  laboured  with  more  zeal  on  ihcfe  Agenda,  in  the  hope 
of  rendering  young  perfons,  on  their  entering  this  career, 
capable  of  performing  what  coft  iwc  thirty-fix  years  of  tra- 
velling: and  lludy. 

III.  On 
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Twill  now  i)c  cafv  to  bring  the  rcfiilt  of  iliele  obfcrvations 
into  a  very  narrow  conipafs.  That  the  iun  has  a  veryexton- 
iive  atmofpherc  cannot  he  doubted  ;  and  that  this  atmofphcre 
confifts  of  various  elaftic  fluids,  that  are  more  or  lefs  kicid 
and  tranfparent,  aiid  of  which  th.e  lucid  one  is  liiat  whicli 
furniilics  us  with  lig'it,  frcms  alio  to  be  fuliv  eftabliOied  bv 
all  the  ph^enomena  of  its  fpots,  of  the  faeula?,  and  of  the 
lucid  furfaee  ilfelF.  Tlicre  is  no  kind  of  variety  in  thefe  ap- 
pearances hut  what  niav  be  accounted  for  with  the  greateft 
facility,  from  the  continual  agitation  which,  we  niav  eafilv 
conceive,  mult  take  place  in  the  regions  of  fuch  extenfive 
flaflic  fluids. 

It  will  be  neceflarv,  however,  to  be  a  little  more  particular 
as  to  the  manner  in  \\  hich  I  fuppofe  the  lucid  fluid  ot  the  fun 
to  be  generated  in  its  atmofphcre.  An  analogy  that  may  be 
drawn  from  the  generation  of  clouds  in  our  own  atmofphcre, 
fcems  to  be  a  very  proper  one,  and  full  of  inftruclion.  Our 
clouds  are  probably  dccompofitions  of  fome  of  the  elaftic 
fluids  of  the  atmo,'phere  itfelf,  when  fuch  natural  caufcs,  as 
in  this  grand  chemical  laboratory  are  generally  at  work,  acl 
upon  them  :  v,emav  therefore  admit,  that  in  the  verv  exten- 
sive atmofphcre  of  the  fun,  from  caufes  of  the  fame  nature, 
fimilar  phicnomcna  will  take  place;  but  with  this  diflerence, 
that  the  continual  and  \cry  exteufive  decompofuions  oi  tliQ, 
elaftic  fluids  of  the  fun  are  of  a  phofphoric  nature,  and  at- 
tended with  lucid  appearances,  bv  gi^i'^g  o^it  light. 

If  it  fliould  be  objected,  that  luch  violoU  and  unremitting 
dccompofitions  would  exhauft  the  fun,  we  may  recur  again 
to  our  analoQv,  wiiich  will  farnifli  us  with  the  following  re- 
flections. The  extent  of  our  own  atmofphcre,  we  fee,  is  iiill 
preferved,  notwilh'tanding  the  co])ious  dccompofitions  of  its 
fluids  in  clouds  and  falling  rain  j  in  flaihes  of  lightning,  in 
meteors,  and  other  luminous  phaenomena;  becaufe  there  are 
frefh  fupplies  of  elaftic  vapours  coutiaually  afcending  to  makt 
9  good 
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")od  the  \\\^fte  occafioned  by  thofe  deccmipofitioiis.  But  it 
1  nay  be  urged,  that  the  cafe  with  the  dccompofition  ot  the 
ciadic  fluids  in  the  iolar  atniofphere  would  be  very  different, 
fince  Hght  is  emitted,  and  docs  not  return  to  the  fun,  as  clouds 
do  to  the  earth  when  they  defcend  in  fliowers  of  rain.  To 
which  I  anfwcr,  that,  in  the  decompofition  of  phofphoric 
'fluids,  every  other  ingredient  but  light  may  aKb  returia  to  the 
body  of  the  fun.  And  that  the  emiflion  of  light  muft  wa(le 
the  fun,  is  not  a  difficulty  that  can  be  oppofcd  to  our  hvpo- 
thefis :  lor,  as  it  is  an  evident  faft  that  the  fun  does  emit 
light,  the  fame  objcftion,  if  it  could  be  one,  would  equally 
militate  againfl  every  other  aHifrnablc  way  to  account  for  tlie 
■phnpnomcnon. 

There  arc,  moreover,  coniidcrations  that  mav  IctTcn  the 
•prefllire  of  this  alledgcd  difficiiltv.     We  know  the  exceeding 
iubtilty  of  light  to  be  fuch,  that  in  ages  of  time  its  emanation 
from  the  fun  cannot  very  fenlibly  leOen  the  fize  of  this  great 
body.     To  this  may  be  added,  that,  very  polTiblv,  there  may 
alfo  be  ways  of  redoratlon  to  compcnfate  for  what  is  loft  by 
the  emiiiion  of  light,  though  the  manner  in  which  this  can 
be  brought  about  ihould  not  appear  to  us.    Many  of  the  ope- 
rations of  Nature  are  carried  on  in  her  great  laboratory  which 
we  cannot  comprehend,  but  now  and  then  wc  fee  fome  of 
"the  tools  with  which  (lie  is  at  work.     We  need  not  wonder 
that  their  conftru6tion  fliould  be  fo  fingular  as  to  induce  us 
.'to  confefs  our  ignorance  of  the  method  of  employing  them, 
but  we  may  reft  afllired  that  they  are  not  a  mere  li'fits  na- 
■  inro'.     I  allude  to  the  great  number  of  fmail  teleicopic  co- 
•'  mets  that  have  been  obferved,  and  to  the  far  greater  number 
'IHU  that  are  probably  much  too  fmall  for  being  noticed  by 
•  ourmoft  diii<rent  fearchers  after  them.  T+iofe  lix,  for  inftance, 
which  iny  fifter  has  difcovered,  I  can  from  examination  af- 
firm, had  not  the  leaft  appearance  of  any  folid  nucleus,  and 
'  feemed  to  be  mere  collections  of  vapours  eondenfed  about. a 
centre.     Five  more,  (hat  I  have  alfo  obferved,  were  nearly  of 
the  fame  nature.     This  throws  a  myllcry  over  their  deftina- 
tion,  which  feems  to  place  them  in  the  allegorical  view  of 
tools,  probably  defigned  for  fume    falutary  purpofes  to  be 
wrought  by  them  ;  and,  whether  the  reftoratiou  of'  wlvit  is 

loft' 


loft  to  the  fun  bv  the  emi(I;on  of  liglit,  the  poHibillty  of  whjch 
we  have  been  nientioniiiir  above,  may  not  be  one  of  .thclc 
purpofcs,  I  fliall  not  prefunie  to  detennine.  The  motion  of 
the  comet,  difcovered  l)v  Mr.  JSJclTicr  in  June  1770,  plainly  « 
indicated  how  much  its  orbit  was  liable  to  be  changed  by  the 
perturbations  of  the  planets;  from  which,  and  the  little  agree- 
ment that  can  be  found  between  the  elements  of  the  orbits 
of  ail  the  comets  that  have  been  obferved,  it  appears  clearly 
that  they  mav  be  directed  to  carrv  their  falutary  influence  to 
any  part  of  the  heavens. 

My  hypothefis,  however,  as  before  obferved,  docs  not  lay 
me  under  anv  obligation  to  explain  how  the  fun  can  fulluin 
thewaRe  of  light,  nor  to  iliew  ihat  it  will  fuftain  it  for  ever j 
and  I  {Iiould  alfo  remark  that,  as  in  the  analogv  of  generating 
clouds,  1  merely  allude  to  their  production  m  owing  to  a  d^- 
compofition  of  Ibme  of  tlic  elaltic  fluids  of  our  atmofphere, 
that  analogy,  which  firmly  refls  upon  the  fa6l,  will  not  be  1 
lefs  to  my  purpofe,  to  whatever  eauie  thefe  clouds  mav  owe  ^ 
their  origin.  It  is  the  lau:»e  wiih  the  lucid  clouds,  if  f  may 
fo  call  thcni,  of  the  fun.  Thi;y  plainly  exift,  becaufc  we  fee 
them  ;  the  manner  of  their  being  generated  may  remain  an 
hypothelj;; — and  mine,  till  a  belter  can  be  propoied,  may  fland 
good;  but,  whether  it  does  or  not,  the  confeque.nces  I  am 
going  to  draw  from  what  has  been  faid  will  not  be  afiocted 
by  it. 

Before  I  proceed  I  fliall  only  point  out,  that,  according  to 
the  above  theory,  a  dark  fpot  in  the  fun  is  a  place  in  its  at- 
mofphere which  happens  to  be  free  from  luminous  decom- 
pofltions ;  and  that  faeuUe  aie,  on  the  contrary,  more  copious 
mixtures  of  fuch  fluids  as  decompofc  eacli.  other.  The  peu- 
vnnbra,  which  attends  the  fools,  being  gerierally  dcprefll'd> 
more  or  lefs,  to  about  halfway  between  the  fi.'iid  bodvof  the 
fun  and  the  upper  part  of  thofe  regions  in  which  luminous 
decompofitions  take  place,  muft  of  courfe  be  fainter  than 
other  parts.  No  fpot  favourable  for  taking  meafures  having 
lately  been  on  the  fun,  I  can  only  judge,  from  former  ap- 
pearances, that  the  regions  in  which  the  luminous  folar 
clouds  are  formed,  adding  thereto  ib.e  elevation  of  the  facu- 
liE,  cannot  be  lefs  than  1843,  ^^^'^  "'''■'ch  more  than  2765 
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roiles  in  depth.  It  is  true  that  in  our  atmofphere  the  extent 
of  the  clouds  is  limited  to  a  very  narrow  compafs;  but  we 
ought  rather  to  compare  the  folar  ones  to  the  luminous  de- 
compofitions  which  take  place  in  our  aurora  borealis,  or  lu- 
minous arches  which  extend  much  farther  than  the  cloudy 
regions.  The  denfity  of  the  luminous  folar  clouds,  though 
very  great,  may  not  be  exceedingly  more  fo  than  that  of  our 
aurora  borealis.  For,  if  we  confider  what  would  be  the  bril- 
liancy of  a  fpace  two  or  three  thoufand  miles  deep,  filled  with 
fuch  corrufcations  as  we  fee  now  and  then  in  our  atmofphere, 
their  apparent  intenfity,  when  viewed  at  the  diftance  of  the 
fun,  might  not  be  much  inferior  to  that  of  the  lucid  folar 
fluid. 

From  the  luminous  atmofphere  of  the  fun  I  proceed  to  its 
opaque  body,  which,  by  calculation  from  the  power  it  exerts 
upon  the  planets,  we  know  to  be  of  great  folidity;  and  from 
the  phaenomena  of  the  dark  fpots,  many  of  which,  probably 
on  account  of  their  high  fituations,  have  been  repeatedly 
feen,  and  otherwife  denote  inequalities  in  their  level,  we 
furmife  that  its  furface  is  diverfified  with  mountains  and 
vallies. 

What  has  been  faid  enables  us  to  come  to  fome  very  im- 
portant conclufions,  by  remarking,  that  this  way  of  confi- 
dering  the  fun  and  its  atmofphere  removes  the  great  diffimi- 
larity  we  have  hitherto  been  ufed  to  find  between  its  condi- 
tion and  that  of  the  reft  of  the  great  bodies  of  the  folar  fyftem. 

The  fun,  viewed  in  this  light,  appears  to  be  nothing  elfe 
than  a  very  eminent,  large,  and  lucid  planet,  evidently  the 
firft,  or,  in  ftridlnefs  of  fpeaking,  the  only  primary  one  of  our 
fyftem,  all  others  being  truly  fecondary  to  it.  Its  fimilarity 
to  the  other  globes  of  the  folar  fyftem  with  regard  to  its  fo- 
lidity, its  atmofphere,  and  its  diverfified  furface,  the  rotation 
upon  its  axis,  and  the  fall  of  heavy  bodies,  leads  us  on  to 
fuppofe  that  it  is  moft  probably  alfo  inhabited,  like  the  reft: 
of  the  planets,  by  beings  whofe  organs  are  adapted  to  the 
peculiar  circumftances  of  that  vaft  globe.        ' 

Whatever  fanciful  poets  might  fay  in  making  the  fun  the 
abode  of  blefled  fpirits,  or  angry  moralifts  devil'c  in  pointing 
it  out  as  a  fit  place  for  the  punifliment  of  the  wicked,  it  does 
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not  appear  that  they  had  any  other  foundation  for  their  af- 
fertions  than  mere  opinion  and  vague  furmife;  but  now  I 
think  myfelf  authorifed,  upon  ajlronojuical pr'mciples,  to  pro- 
pofe  the  fun  as  an  inhabitable  world ;  and  am  perfuadcd  that 
the  foregoing  obfervations,  with  the  conclulions  I  have  drawn 
from  them,  are  fully  fufficient  to  anfwer  everv  objection  that 
may  be  made  againft  it. 

It  may,  however,  not  be  amifs  to  remove  a  certain  diffi- 
culty, which  arifes  from  the  effeft  of  the  fun's  rays  upon  our 
globe.  The  heat  which  is  here,  at  the  diftance  of  95  millions 
of  miles,  produced  by  thefe  rays,  is  fo  confidcrable,  that  it 
may  be  objefited,  that  the  furface  of  the  globe  of  the  fun  it- 
felf  muft  be  fcorched  up  beyond  all  conception. 

This  may  be  very  fubftantiallv  anfwered  by  many  proofs 
drawn  from  natural  philofophy,  which  fliew  that  heat  is  pro- 
duced by  the  fun's  rays  only  when  they  act  upon  a  calorilic 
medium  ;  they  are  the  caufc  of  the  production  of  heat,  by 
imitino;  with  the  matter  of  fire  which  is  contained  in  the  lub- 
Itances  that  are  heated;  as  the  collifion  of  flint  and  (tcel  will 
inflame  a  magazine  of  gunpowder,  by  putting  all  the  latent 
fire  it  contains  into  aftion.  But  an  inflance  or  two  of  the 
manner  in  which  the  folar  rays  produce  their  effect,  will 
brin<T  this  home  to  our  moft  common  experience. 

On  the  tops  of  mountains  of  a  fufiicicnt  hci<rht,  at  an  alti- 
tude where  clouds  can  very  feldom  reach  to  flicker  them  from 
the  direft  ravs  of  the  fun,  we  always  find  regions  of  ice  and 
fnow.  Now,  if  the  folar  rays  themfelvcs  conveyed  all  the 
heat  we  find  on  this  globe,  it  ouffht  to  be  hottefi:  where  their 
coiu-fe  is  leaft  interrupted.  Again,  our  aeronaut?  all  confirm 
the  coldncfs  of  the  upper  regions  of  the  atmofpherc;  and 
fince,  therefore,  even  on  our  earth,  the  heat  of  any  fituation 
depends  upon  the  aptnefs  of  the  medium  to  yield  to  the  im- 
nrcflion  of  the  folar  ravs,  we  have  onlv  to  admit,  that,  on 
the  fun  itfelf,  the  claftic  fluids  compofing  its  atmofphere,  and 
the  matter  on  its  furface,  are  of  fuch  a  nature  as  not  to  be  ' 
capable  of  anv  cxceflive  affcftion  from  its  ov.-n  rays:  and,  in-  . 
deed,  this  fecms  to  be  proved  by  the  copious  emiffion  of 
tlxem  ;  for  if  the  elaftic  fluids  of  the  atmofphere,  or  the  mat- 
V'v  contained  on  the  furface  of  the  fun,  were  of  fuch  a  nature 
n  as 
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ns  to  admit  of  an  cafv,  chemical  combination  with  its  rays, 
their  cmlflion  would  be  much  impeded. 

Anotiier  well  known  fa6l  is,  that  the  folar  focus  of  the 
largcd  lens,  thrown  into  the  air,  will  occafiou  no  fenfible 
heat  in  the  place  where  it  has  been  kept  for  a  eonfiderable 
time,  although  its  power  of  exciting  combultion,  when  proper 
i)odios  are  expofed,  fliould  be  fufficicut  to  fufc  the  moft  re- 
fractory iubitanccs  *. 

It  will  not  be  ncceflary  to  mention  other  obje6lions,  as  I 
can  think  of  none  that  may  be  naadc  but  what  a  proper  con- 
fideration  of  the  foregoing  obfervations  will  eafily  remove ; 
fuch  as  may  be  urged  from  the  diihmilarity  between  the  lu- 
minous atmofpliere  of  the  fun  and  that  of  our  globe  will  be 
touched  upon  hereafter,  when  I  confider  the  objectioiis  that 
mav  be  allio-ncd  aoainft  the  moon's  beino;  an  inhabitable  fa- 
tclhte. 

1  fliall  now  endeavour,  by  analogical  reafonlngs,  to  fupport 
the  ideas  I   have  fuffselled  concerninor  the  conflruftion  and 

CO  o 

purpofes  of  the  hm ;  in  order  to  which  it  will  be  neceflarv 
to  begin  w  ith  fuch  arguments  as  the  nature  of  the  cafe  will 
admit,  to  fliew  that  our  moon  is  probably  inhabited.  This 
fatellite  is  of  all  the  heavenly  bodies  the  nearell:,  and  therefore 
molt  within  the  reach  of  our  telefcopcs  :  accordingly  we  find, 
by  repeated  in!j)eotion,  that  we  can  with  perfe6l  confidence 
give  the  followmg  account  of  it: — 

It  is  a  fecondary  planet,  of  a  eonfiderable  fize;  the  furface 

.  of  which  is  diverfificd,  like  that  of  the  earth,   by  mountains 

and  vallics.     Its  fituation  with  reipect  to  the  iwn  is   much 

like  that  of  tlic  earth,  and,  by  a  rotation  on  its  axis,  it  enjoys 

an  a2:rei:able  variety  of  feafons,  and  of  day  and  ni^ht.     To 

the  moon  our  globe  will  appear  to  be  a  very  capital  fatellite, 

undero-oincr  the  lame  rco;ular  changes  ot  illuminations  as  the 

moon  does  to  the  earth.    The  tun,  the  planets,  and  the  ftarry 

.conllellatlons  of  the  heavens,  will  rile  and  let  there  as  they 

.  do  here  J  and  heavy  bodies  will  fall  on  the  moon  as  they  do 

*  The  fubicO:  of  light  and  heat  has  been  very  ab'.y  difcuffed  by  Mr. 
De  Luc,  in  his  excellent  v.ofk,  Idies  far  la  ^ItlLorologie,  Tome  T.  part  2. 
chap.  2.  ftftion  2.  De  la  Nature  du  Teu  -,  and  Tome  II.  part  3.  chap.  6. 
iV:tii.'n  a.  /).'.•  Rapports  dc,  la  Lumiere  a-vec  l-x.C':a',curc  eats  i'Aimofphtre. 
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on  the  erirth.  There  feems  only  to  be  wanting,  in  order  to 
complete  the  analogy,  that  it  fhould  be  inhabited  like  the 
earth. 

To  this  it  may  be  objected,  that  we  perceive  no  large  feas 
in  the  moon  :  that  its  atmofphere  (the  exidcnce  of  which  has 
even  been  doubted  by  many)  is  extremely  rare,  and  unfit  for 
the  purpofes  of  animal  life  :  that  its  climates,  its  feafons,  and 
the  length  of  its  days,  totally  differ  from  ours:  that  without 
denfe  clouds  (which  the  moon  has  not),  there  can  be  no  rain ; 
perhaps  no  rivers,  no  lakes.  In  fhort,  that,  notwithftanding 
the  fimilarity  which  has  been  pointed  out,  there  feems  to  be 
a  decided  difference  in  the  two  planets  we  have  compared. 

My  anfwer  to  this  will  be,  that  that  very  difference  which 
is  now  objected  will  rather  ftrcngthen  the  force  of  my  argu- 
ment than  Icffen  its  value  :  we  find,  even  upon  our  globe, 
that  there  is  the  mod  ftriking  difference  in  the  fituation  of 
the  creatures  that  live  upon  it.  While  man  walks  upon  the 
ground,  the  birds  fly  in  the  air,  and  fiflies  fwim  in  water ; 
we  can  certainly  not  objc6t  to  the  conveniences  afforded  by 
the  moon,  if  thofe  that  are  to  inhabit  its  regions  are  fitted  to 
their  conditions  as  well  as  we  on  this  globe  are  to  ours.  An 
abfolute,  or  total  fametiefs,  feems  rather  to  denote  imperfec- 
tions, fuch  as  Nature  never  expofes  to  our  view  ;  and,  on  this 
account,  I  believe  the  analogies  that  have  been  mentioned 
fully  fufficicnt  to  eftablidi  the  high  probability  of  the  moon's 
being  inhabited  like  the  earth. 

To  proceed,  we  will  now  fuppofe  an  inhabitant  of  the 
moon,  who  has  not  properly  confidered  fuch  analogical  rea-» 
fonings  as  might  induce  him  to  furmile  that  our  earth  is  in- 
habited, were  to  give  it  as  lus  opinion  that  the  ufe  of  that 
great  bodv,  which  he  fees  in  his  neighbourhood,  is  to  carry 
about  his  little  globe,  that  it  may  be  properly  expoled  to  the 
light  of  the  fun,  fo  as  to  enjoy  an  agreeable  and  ufeful  variety 
of  illumination,  as  well  as  to  give  it  light  by  refle6i;ion  from 
the  fun  when  dire6l  day-light  cannot  be  had.  Suppofe  alfo 
that  the  inliabitants  of  the  fatellites  of  Jupiter,  Saturn,  and 
the  Georgian  planet,  were  to  look  upon  the  primary  ones,  to 
which  they  belong,  as  mere  attraflive  centres,  to  keep  toge- 
ther their  orbits,  to  direct  tli^ir  revolutiou  round  tlie  fun,  and 
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to  fupply  them  with  refledted  light  in  the  abfence  of  direft 
illumination.  Ought  we  not  to  condemn  their  ignorance,  as 
proceeding  from  want  of  attention  and  proper  reflection  ?  It 
is  ver\'  true  that  the  earth,  and  thofe  other  planets  that  have 
fatellitcs  about  them,  perform  all  the  offices  that  have  been 
named  for  the  inhabitants  of  thefe  little  globes;  but  to  us, 
who  live  upon  one  of  thefe  planets,  their  reafonings  cannot 
but  appear  very  defeftive,  when  we  fee  what  a  magnificent 
dwelling-place  the  earth  affords  to  numberlefs  intelligent 
beings. 

Thefe  confiderations  ought  to  make  the  inhabitants  of  the 
planets  wifer  than  we  have  fuppofed  thofe  of  their  fatellites 
to  be.  We  furely  ought  not,  like  them,  to  fay  "  the  fun 
**  (that  immenfe  globe,  whofe  body  would  much  more  than 
"  fill  the  whole  orbit  of  the  moon)  is  merely  an  attraftive 
"  centre  to  us."  From  experience  we  can  affirm,  that  the 
performance  of  the  moft  falutary  offices  to  inferior  planets  is 
not  inconfiftcnt  with  the  dignity  of  fuperior  purpofes ;  and, 
in  confequence  of  fuch  analogical  reafonings,  affifted  by  te- 
lefcopic  views,  which  plainly  favour  the  fame  opinion,  we 
need  not  hefitate  to  admit  that  the  fun  is  richly  ftored  with 
inhabitants. 

This  way  of  confidering  the  fun  is  of  the  utmoft  import- 
ance in  its  confequences.  That  ftars  are  funs  can  hardly 
admit  of  a  doubt.  Their  immenfe  diftance  would  perfectly 
exclude  them  from  our  view,  if  the  light  they  fend  us  were 
not  of  the  folar  kind,  Befides,  the  analogy  may  be  traced 
ihiuch  farther.  The  fun  turns  on  its  axis  :  fo  does  the  ftar 
Algol :  fo  do  the  ftars  called  B  Lyrs,  ^  Cephei,  n  Antinoi, 
0  Celi,  and  many  more;  mo(t  probably  all.  From  what 
Other  caufe  can  we  fo  probably  account  for  their  periodical 
changes  ?  Again,  our  fun  has  fputs  on  its  furface :  fo  has 
the  ftar  Algol,  and  fo  have  the  flars  already  named,  and 
probably  every  ftar  in  the  heavens.  On  our  fun  thefe  fpots 
are  changeable :  fo  they  are  on  the  ftar  o  Ceti,  as  evidently 
appears  from  the  irregularity  of  its  changeable  luflre,  which 
is  often  broken  in  upon  by  accidental  changes  while  the  ge- 
neral period  continues  unaltered.  The  fame  little  deviations 
liave  been  obferved  in  other  periodical  ftars,  and  ought  to  be 
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afcribed  to  the  Aime  caufc.  But  if  ftars  are  funs,  and  fui>s 
arc  inhabitable,  wc  fee  at  once  what  an  cxtenfive  field  for 
animation  opens  itfclf  to  our  view. 

It  is  true  that  analogy  may  induce  us  to  conclude,  that, 
lince  ftars  apj)ear  to  be  funs,  and  funs,  according  to  the 
common  opinion,  are  bodies  that  ferve  to  enlighten,  warm, 
and  fuftain  a  fvftem  of  planets,  we  may  have  an  idea  of  num- 
berlefs  globes  that  ferve  for  the  habitation  of  living  creatures. 
I5ut  if  thefe  funs  themfelves  arc  primary  planets,  we  may 
fee  fome  thoufands  of  them  with  our  own  eyes,  and  millions 
,l>y  the  help  of  telefqopes,  when  at  the  fame  time  the  fame 
analooical  reafoninjr  ftill  remains  in  iuU  force  with  rei!;ard  to 
the  planets  which  thefe  funs  may  lupport. 

In  this  place  I  may,  however,  take  notice,  that,  from  other 
confiderations,  the  idea  of  funs  or  ftars  being  vicrdy  the  fup- 
portcrs  of  fyftenis  of  planets,  is  not  abfolutely  to  be  admitted 
as  a  general  one.  Among  the  great  number  of  very  com- 
prcfTed  cluflers  of  ftars  I  have  given  in  mv  catalogues,  there 
are  fome  which  open  a  different  view  of  llie  heavens  to  u:«. 
The  ftars  in  them  are  fo  verv  clofe  together,  that,  notwith- 
I'tanding  the  great  diflance  at  which  we  may  fuppofe  the 
clufter  itfelf  to  be,  it  will  hardly  be  poffible  to  afTign  any 
iutHcient  mutual  diftance  to  the  ftars  compofing  the  elufler, 
to  leave  room  for  crowding  in  thole  planets,  for  whofe  fup- 
port  thefe  ftars  have  been,  or  might  be,  fuppofed  to  cxilt.  It 
fhould  feem,  therefore,  highly  probable  that  they  exift  fqr 
themfelves ;  and  arc,  in  fadt,  only  verv  capital,  lucid,  primary 
planets,  conneiSled  together  in  one  great  fvflem  of  mutual 
fupport. 

As  in  this  argument  I  do  not  proceed  upon  conjectureSj 
but  have  a6lual  obfervations  in  vieu-,  I  fliall  mention  an  in- 
ftancc  in  the  clulters  No.  26,  28,  and  35,  \\.  clafs,  of  my 
catalogue  of  nebuhe,  and  clutters  of  ftars.  (See  Phil.  Tranf. 
Vol.  LXXIX.  I'artil.  p.  251.)  The  fiars  in  them  are  io 
crov.ded  that  I  cannot  conjecture  them  to  be  at  a  greater 
apparent  diflance  from  each  other  than  live  fecond's,  even 
after  a  proper  allowance  for  fuch  ftars,  as,  on  a  fuppofition  of 
a  globular  form  of  the  clufter,  will  inrerfere  with  one  another, 
has  been  made.  Now,  if  we  would  leave  as  much  room  be- 
tween 
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twccn  each  of  thefe  ftars  as  there  i:j  ])etwceii  the  Sun  and  Si- 
rius,  wc  mull  place  thefe  clullers  42104  times  as  far  from 
us  as  that  flar  is  from  the  fun.  But,  in  order  to  bring  dowa 
the  luftre  of  Sirius  to  that  of  an  equal  ftar  placed  at  fuch  a 
diftance,  I  ought  to  reduce  the  aperture  of  my  20-feet  tele- 
fcope  to  lefs  than  the  two-and-twenty  hundredth  part  of  an. 
inch;  when  certainly  I  could  no  longer  cxpe£t  to  fee  aiiy 
Ilar  at  all. 

Tlie  fume  remark  mav  be  made  with  regard  to  the  number 
I  verv  clofe  double  ftars,  w^hofe  apparent  diameters  being 
.liike,  and  not  very  fmall,  do  not  indicate  any  very  great  mu- 
tual diftance :  from  which,  however,  muft  be  deducted  all 
ihofe  where  the  different  diilances  may  be  compenfated  b\ 
ihc  real  difference  in  their  refp'etlive  magnitudes. 

To  what  has  been  faid  may  be  added,  that,  in  fome  parts 
of  the  milky  way,  where  yet  the  liars  are  not  very  fmall, 
they  are  fo  crowded,  that  in  the  year  1792,  Aug.  22,  I 
found  by  the  gages  that^  in  41  iniiuitcs  of  time,  no  lefs  than 
258  thoufand  of  them  had  palfed  through  the  field  of  vicw 
of  my  telefcope*. 

It  feems,  therefore,  upon  the  whole,  not  improbable  that, 
in  many  cafes,  ftars  are  united  in  fuch  clofe  fyftems  as  not  to 
leave  much  room  for  the  orbits  of  planets  or  comets ;  and 
that  confequentlv,  upon  this  account  alfo,  many  ftars,  unlefs 

'l"!;c  Itar-gaf^cs  ran  thus : 

From  19''  35' to  19*'  51'  6ao  ftars  in  the  field 

19     51  —  19  57   44 -^ 

19      r  7  —  20  12    j  ti  0 

ZO       12  20  1 6     2  •-3 

1  he  ureadih  nf  the  i'wyep  was  2°  3  r  ■',  the  diameter  of  the  fie4d  \  t  '.  .r.id 
\he  mean  polar  diftance  73'  54'.     Tiitn  let 

F,  be  the  diameter  of  the  held  of  view, 
S,  the  number  of  ftvirs  in  each  field, 

B,  the  breadth  of  the  Tweep,  plus  F, 

T,  the  length  of  the  fwcep,  exprcffed  in  minutes  of  fpace, 
9.  the  fine  of  the  mean  polar  diftancc, 

C,  the  conftunt  fraction  ,7?54,  ■ 

and  the  ft^rs  in  th.efe  four  i'ucceHlve  Ihort  fwctps  will  be  found  bv  tin. 

BTS* 
exprelfion  -,,  .J  equal  to  13,095.  36C31.  74'''66.  14419.  or  in  a!J  2cS9Sj. 


45*  On  the  Sun  and  Fixed  Stars. 

we  would  make  them  mere  ufelefs  brilliant  points,  may  them- 
felves  be  lucid  planets,  perhaps  unattended  by  fatellites. 

POSTSCRIPT. 

The  following  obfervations,  which  were  made  with  an  im- 
proved apparatus,  and  under  the  moft  favourable  circum- 
ftances,  fliould  be  added  to  thofe  which  have  been  given. 
They  are  decifive  with  regard  to  one  of  the  conditions  of  the 
lucid  matter  of  the  fun. 

Nov.  26,  1794.  Eight  fpots  in  the  fun,  and  feveral  fub- 
divifions  of  them,  are  all  equally  deprefled. 

The  fun  is  mottled  every  where. 

The  mottled  appearance  of  the  fun  is  owing  to  an  inequa- 
lity in  the  level  of  the  furface. 

The  fun  is  equally  mottled  at  its  poles  and  at  its  equator ; 
but  the  mottled  appearances  may  be  feen  better  about  the 
middle  of  the  difc  than  towards  the  circumference,  on  ac- 
count of  the  fun's  fpherical  form. 

The  unevennefs  arifing  from  the  elevation  and  depreflion 
of  the  mottled  appearance  on  the  furface  of  the  fun,  feems  in 
many  places  to  amount  to  as  much,  or  to  nearly  as  much,  as 
the  depreflion  of  the  penumbrae  of  the  fpots  below  the  upper 
part  of  the  {hining  fubftance,  without  including  faculs, 
which  are  protuberant. 

The  lucid  fubftance  of  the  fun  is  neither  a  liquid  nor  an 
elaftic  fluid;  as  is  evident, from  its  not  inftantly  filling  up  the 
cavities  of  the  fpots,  and  of  the  unevennefs  of  the  mottled 
parts.  It  exifts,  therefore,  in  the  manner  of  lucid  clouds 
fwimming  in  the  tranfparent  atmofphere  of  the  fun;  or  ra- 
ther, of  luminous  decompofitions  taking  place  within  that 
atmofphere. 
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\V.  ExfraSI  of  a  Memoir,  and  Experiments  on  the  Nutrition 
fjf  Plants.  Bv  M.  Rafn,  ^#'"  "^  i^-'^  Office  of  Com- 
merce at  Copenhagen  *. 


R 


.  ASSENFRATZ  confidcrs  carbon  as  the  fubdance  which 
nourifhes  vegetables  f.  Ingenhous,  in  his  work  on  the  nu- 
trition of  plants,  publifhcd  in  1797,  endeavours  to  prove, 
that  if  carbon  has  auv  influence  in  this  refpe<Sl,  it  can  be 
only  in  tl;e  ftatc  of  carbonic  acid,  as  that  acid  is  abforbcd 
and  dccoinpofed  X  by  vcn;ctables  ;  while  the  ligneous  carbon^, 
furniHicd  by  Nature,  produces  no  eifccl  on  the  expanfion  of 
plants.  ]\lr.  A.  Young  has  endeavoured  to  demonftrate  the 
fame  thing  by  experiments.  M.  Rafn,  defirous  of  difcover- 
ingthe  truth  amidfl  thefe  contradictory  opinions,  made,  for 
three  years,  a  ferics  of  experiments,  from  which  he  con- 
cludes, by  the  expanfion,  fize,  and  colour  of  the  plants  em- 
ployed, that  carbon,  cither  vegetable  or  animal,  has  a  de- 
cided influence  in  the  nouriflmient  of  vegetables.  What  is 
new,  and  particularly  worthy  of  remark  in  thefe  refearches, 
is,  that,  according  to  jM.  Rafn,  the  carbonic  acid  produces 
exaftly  the  fame  effect  is  charcoal  of  wood.  The  following 
are  the  experiments  which  conducted  the  author  to  this 
refult : — 

Having  half  filled  a  large  box  with  brick-kiln  rubbifli,  or 
pounded  tiles,  which  he  covered  with  a  layer  of  vegetable 
earth,  he  placed  over  the  latter  a  fl:ratuni  of  carbonate  of 
liine  (pounded  limeltone)  and  alum,  and  then  two  or  three 
of  vegetable  mould,  in  which  he  fowed  barley.  He  pre- 
fumcd  that  the  fulphuric  acid  of  the  alum,  abandoning  the 
argil  to  join  the  lime,  with  which  this  acid  has  greater  affi- 

*  Tranflated  frcm  the  Danifli,  with  notes  by  C.  Vauquelin  and  Brog- 
niart. 

t  This  opinion  of  C.  HaflTeiifratz  appears  to  be  very  probable;  but,  as 
he  fays,  the  carbon  muft  be  held  in  folutionby  hydrogen  gas,  by  water, 
by  that  faponaceous  extraft  which  feparatcs  from  vegetables  when  in  a 
ftate  cf  p\urefa£lion,  or  by  any  other  liquid. 

I  This  decompofition  is  poflible,  but  it  has  not  yet  been  proved  by 
anv  direft  experiment. 

Vol.  Y.  n  h  nity, 
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nity,  the  carbonic  acid  gas  would  be  difengagcd,  which 
would  furnirti  the  means  of  knowing  its  influence  on  the 
vegetation.  Another  box  was  filled  merely  with  mould,  a 
third  merely  with  charcoal,  and  a  fourth  with  animal  car- 
bon. Tliefc  were  to  be  employed  in  comparaiive  experi- 
ments, and  barley  was  Town  in  them  all, 

Thouch  the  plants  which  ocrminafcd  in  tlic  Hrft  box  were 
fown  in  a  flratum  of  mould  about  two  or  three  mches  in 
thieknefs,  thev  had  no  refcmbhnce,  either  in  ftrcngth  or  co- 
lour, to  thofc  fown  in  the  fecond  box  filled  with  mfJuM  alone; 
but  they  had,  on  the  other  hand,  fuch  a  pcrfeft  nfcmblance 
to  thofe  of  llie  third  box  filled  with  charcoal,  that  it  would 
bave  been  difficult  to  diflinguifh  the  dilferenee.  This  refem^ 
blance  continued  feveral  weeks,  after  which  they  feemcd  to 
have  not  quite  the  fame  vigour  as  thofe  v.iiich  grew  in  the 
charcoal,  for  which  it  is  not  difficult  to  affigTi  a  reafon.  The 
.author  conviniced  himfclf  that  a  decompofition  had  really 
taken  place,  bccaufe,  on  examining  the  firll  box  in  autumn, 
lie  found  that  fulphat  of  lime  had  been  formed.  Thtfe  ex- 
periments,feem  proper  to  condu«Sl  to  a  knowledge  of  the  man- 
ner in  which  plants  attraft  the  carbonic  principle,  which  all 
the  refearches  of  the  author  demonllrate  to  be  necelVary  for 
vio-orous  vegetation.  He  propofes  to  repeat  them  on  a  larger 
foalc,  and  to  vary  them  as  much  as  polfible  *.  He  repeated, 
feveral  times,  thofe  of  M.  Humboldt  on  germination,  accele- 
rated by  the  oxygenated  muriatic  acid,  and  always  with  fucccfs, 
though  with  this  difference,  that  this  acid  did  not  favour  ve- 
o-etation  fo  much  as  that  philofopher  aflerted. 

M.  Rafn  fowed  barley  in  a  mixture  of  mould,  fand,  and 
nianganefe,  in  order  to  fee  whether  the  oxygen  gas  would 

*  TheCe  experiments  would  be  more  conclufive  h^d  not  the  author 
adJed  mould  in  the  boxes  into  which  he  put  the  rubl/ifli.  It  is  wtll 
known  iUat  mould  cor.rains  a  great  quartity  of  caibon,  cxadly  in  the  ftate 
ivliich  lenders  it  fit  for  tiis  nutrition  of  vegetables. 

Mi.  A.  Young,  on  the  other  hand,  alfcrti,  that  plimts  grow  exceedingly 
jll  in  charcoal :  and  this  obrtrvation  agrees  more  with  the  others,  and 
with  the  reafoning,  which  induces  us  to  believe  that  carbon  muft  be  dif- 
folved  to  enter  into  combination  with  the  other  principles  of  vegetables. 
As  plants  grow  exceedingly  well  in  pure  water  till  a  certain  period,  if 
would  appear  liiat  they  ought  to  grow  e<iiu!Iy  weU  iu  VwUered  charcoal. 

r,ut 
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hnl  be  clifcnuagcci  in  fach  a  manner  as  to  prodwcc  fomc  ef^ec^ 
1)11  plants.  At  firlt  he  obtained  no  ctfecl ;  but  having  wa- 
tered this  box  with  diluted  falphuric  aeid,  he  remarked  that 
the  barley  vifibly  grew  faller  in  this  box  than  in  thofc  not 
watered  in  the  fame  manner  *. 

OF  all  the  mixtures  which  he  tried  for  fowlng,  none  ap- 
peared to  him  better  than  that  of  equal  parts  of  charcoal, 
mould,  and  fand,  moiftencd  with  water  filled  with  infuiion 
animals,  which  may  be  eafily  obtained  by  fteeping  flax  in 
the  water  deltined  for  that  purpofe.  He  obferves,  on  this 
occafion,  that,  of  all  the  fubftances  he  tried,  flax  is  that  which 
furnidies  the  moll  of  thefe  animalculae.  An  incredible  mul- 
titude of  them  are  found  in  the  water  in  which  women  dip 
their  fingers  when  they  are  cn)ployed  in  fpinning.  The 
water  put  into  a  vcfTcI  for  that  ufe  in  the  morning,  is  found 
filled  with  them  in  the  evenino;.  The  author  afcribes  to 
thefe  fmall  animals  a  much  greater  influence  on  vegctatioa 
than  has  hitherto  been  believed. 

IJalfenfratz  relates,  that  lie  could  not  make  plants  vegetate? 
well  in  fimple  earths.  Tlic  author  alferts,  that  he  had  great 
fucccfs  wlien  he  reared  them  in  pure  filex,  quartzv  fand  thrice 
wallied,  fine  fand  from  the  fea-iiiorc,  See.  But  thefe  plants 
continued  (lunted  and  pale,  and  their  roots  were  twice  as 
long  as  the  whole  of  the  part  above  the  earth.  In  charcoal, 
on  the  other  hand,  the  parts  were  large  and  vigorous ;  they 
were  of  an  exceedingly  dark  colour,  and  their  roots  were  not 
a  fixth  part  of  the  length  of  the  plant  itfelf  f. 

Coal-aihes,  on  which  the  German  and  Eno-Hfli  farmers 
bcftow  uich  praife,  deltroy  the  plants  if  the  foil  contains  an 
eighth  part  of  that  admixture.     The  leaves  become  faded,  as 

■■■  The  fulphiiric  acid  cold  does  not  difengage  the  oxygen  of  the  oxyd 
of  mangim-^jfe  :  bcfides,  according  to  the  e:-:perimeiits  of  Ingcnhtus,  il^is 
acid  al(  nc,  in  iin.tl!  cjuaniity,  fcems  to  have  rhc  property  of  lendtrk.o-  ve- 
getation more  aciive. 

f  The  firft  icfuhs  are  perfeftly  fimilar  to  thofe  obtained  by  C.  Hafkn- 
fratz.  In  regard  to  the  fecoud,  tiity  depend  on  the  purity  r>f  the  char- 
coal employed,  which  may  contain  wood  undccompofed.  and  confcqucntly 
difpoled  to  putriiy,  and  to  yidd  a  liquid  which  may  hold  the  carbon  in 
iblutlon. 

II  h  3  if 
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if  fcorched,  at  the  end  of  from  fifteen  to  twenty  days,  ani 
the  plants  themfclves  die  at  the  end  of  four  or  five  weeks. 

No  ieed  germinates  in  oil.  A  fmgle  grain  of  common  fait 
in  two  hundred  grains  of  water  is  fuffieient.to  retard  the  ve- 
getation of  plants,  and  may  even  kill  them  if  they  are  wa- 
tered with  that  falinc  liquor  *. 

Shavings  of  horn,  next  to  infufion  animals,  arc  the  mod 
favourable  to  vegetation :  charcoal  holds  the  third  rank. 


V.   0?i  the  A  (faying  of  Iron   Ores  and  Iron-S^tones  by  Fufion. 
By  Mr.  T>\\iD  MvsHiLT,  of  the  Clyde  Iron  Horks-f. 


T  will  eafily  be  conceived,  from  the  mode  of  operatloi^ 
which  I  have  adopted,  that,  in  order  to  procure  accurate  re- 
fults,  the  proportion  of  flux  muft  be  varied  according  to  the 
mixtures  in  the  iron-Hones  or  ores ;  and  that  no  univcrfal 
folvent  can  be  ufed  as  capable  of  alTaying  ail  ores. 

As  the  gradation  of  mixtures  in  the  ores  is  almoft  imper- 
ceptible, there  are,  in  fact,  no  fixed  limits  by  which  Nature 
has  diflinguiflied  the  various  clafTes-:  we  find  all  the  varieties 
dimlnifhing  their  predominant  earth,  and  alTLmiing,  in  equal 
proportions,  thofe  of  each  other,  thus  conflituting  the  clafs 
of  equalifed  mixtures  j  yet,  here,  the  variety  of  combination 
ceafes  not,  the  predominating  earth  gradually  becomes  the 
minor  part  of  the  mixture,  and  that  which  only  held  a  fe- 
cond  rank,  as  to  quantity,  is  now  the  chief  component  earth  ; 
the  permutation  goes  round,  till  the  earth,  which  exifted  in 
the  mofi:  fparing  quantity,'  now  predominates  to  excefs, 

*  C.  Sylveftote  obtained  a  refult  abfolutely  fimibr,  by  employing  ma- 
rine fait  as  nsanure. 

f  The  prefent  is  a  part  of  the  communication  from  Mr,  M'jfhet  which 
appeared  in  our  Number  for  July  laft,  (Vol.  IV.  p.  17S,)  bur  by  an  over- 
fight  of  the  Editor  was  omitted  in  its  p.  ice.  It  contains  the  table  of  pro- 
portions alluded  to  in  our  Number  for  September  laft  (Vol.  IV.  p.  ^^o.) 
requifue  for  the  obtaining  from  all  the  various  iron-fioiies  an  accurate  afiajr, 
and  (hould  have  imuicdiately  followtd  Mr.  Mulhet's  article  given  in  our 
July  number. 

X  In 
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In  fiicli  an  infinity  of  variation  it  is  difficult  to  arrange  the 
'Uibinations  of  which  thefc  fubftances  arc  capable.  To  de- 
rive the  name  of  a  clafs,  or  genus,  from  the  prcJouiioancy  of 
an  earth,  fccms  moll  eligible ;  and  to  confidcr  thofe  as  va- 
rieties of  the  fame  clafs,  which  are  altered  by  the  proportion 
of  the  fecond  and  tliird  mixtures.  Again,  each  of  thefe  va- 
peties  are  fufceptible  of  a  multiplicity  of  modifications  before 
an  earth  is  fo  far  dimiiiriflied  as  to  give  an  afcendcncy  to  an- 
otlier,  or  before  the  third  rank  of  proportion  has  afllimed 
that  of  the  fecond  or  firft.  The  fin^ple  combination  of  the 
earths,  and  their  degrees  of  predominancy,  may  be  thus  ar- 
ranged : — 

I  ft  "'ariety, 

"Iron 

Clay       - 

Lime 

Silex 

Iron 

Lime 

Clay  - 

Silex        - 


Aro-illaccous  iron-fione 


Calcareous    iron-ftone    < 


2d  Variety. 

Iron  -\    c, 

Clay  I  -i  I 
(-,•1  1  >.  c: 
Silex      ^  ^ 

Iron  Lii  .^ 
Lime     ?  ^ 


Siliceous     iron  -  (lone 


riron 
j  Silex 
J  Lime 
I  Clav 


■3-1: 


-  -       Siicx 

-  -  Clay 
L"ou 

-  -  Silex 
Clay 
Lmiej  <; 

To  aflay  any  of  thefe  varieties,  a  flux  peculiar  to  the  na- 
tiu-e  of  the  mixture  is  neceffary  ;  fo  that  the  changes  of  pro- 
portion in  the  I'olvcnt  ought  to  extend  to  fcven,  includincr 
the  clafs  of  eqtialifcd  niixtures,  in  order  that  the  precife  fame 
quality  of  crude  icon  may  be  produced  from  all  the  varieties 
of  iron-ftone.  The  inodification  of  each  variety  will  be 
found  to  be  fufficiently  accurate,  if  alTayed  by  the  tlux  pecu- 
liar to  itfelf.  The  arrangement  of  the  three  dalles  of  ores 
into  two  varieties,  each  forming  a  diltinct  ftage  of  combina- 
tion, indicated  by 'the  predominancy  of  the  firft  and  fecond 
earth,  are,  with  the  neutral  clafs,  fuliicieiitly  minute  for  any 
purpofe  in  the  aHay- furnace,  and  are  futiicient  to  form  ati 
7  accurate 
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accurate  and  extenfive  knowledge  of  the  analogy-  of  tlicfe  rc-» 
fults  with  thofc  in  the  blaft-furnace. 

Table  rj^  Proportions  o/Fluxes. 

Let  the  earthy  part  of  an  argillaceous  ore  be  compofed  of 
clay  9,  lime  6,  fand  3—18. 

To  afl'ay  4  troy  ounces  of  this  ore       -      or      1920  grains, 

add     4       bottle  glafs  —     1920 

^       chalk  —     1440 

o'-     charcoal  —       240 


III-  55^-"^ 

Let  the  fecond  variety  of  argillaceous  ores  contain,  clay  10, 
ijlex  7,  hme  3  ==  20. 

In  this  cafe,  4  ounces  troy  of  ore       -       or     1920  grains, 

would  require   4      bottle  glafs     —     1920 

4      ■   ■  chalk  —     1920 

o|-    charcoal         —       360 

12|-  6120 

Let  the  firft  variety  of  tlic  calcareous  genns  of  iron-ftone 
be  fuppofed  to  contain,  of  earthy  mixtures,  lime  14,  clay  6, 
fdcx  4  =  34. 

When  this  iron-ftone  is  to  be  aflayed, 

to        4  ounces  troy  _  _  or     1920  grains,- 

add     5      ■ bottle  glafs       -       —     2400 

i^    chalk  —  —       720 

o\    •      charcoal         —        —       360 


II L  5400 

Attain,  let  the  fecond  varietv  of  the  calcareous  jrenus  be 
fuppofed  to  contain,  lime  10,  fand  6,  clay  4  =  20. 

I  would  add  to   4  troy  ounces  -  or  1920  grains, 

4     bottle  glafs   —  1920 

3     chalk  —     960 

o'-  charcoal       —     240 

lo!-  5040 

Let 
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Let  the  firft  varictvof  filiccous  ores  be  fuppofed  to  contain, 
iikx  12,   L'lav  8,   lime  5  —  25. 

lor  an  allav  of  4  troy  ozs.  of  ore       -        or    1920  grains, 

add     4 chalk.  —  1920 

n      bottle  glafa   —  1440 

oj:    charcoal       —     360 
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And,  laftlv,  let  the  fecond  variety  of  this  genus  of  Iron- 

(lone  be  luppofed  to  contain,  fdex  10,  lime  7,  clay  5  -■  22. 

To     4  troy  ounces  of  the  ore       -       or  J  9 20  grains, 

add     3; ■       chalk  —  1680 

3 bottle  glafs        —  1440 

o^; charcoal  —       360 
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Clafs  of  cqualifed  mixtures,  compofed  of,  clay  7,  lime  7, 
filcx  7       21. 

To  afiay  of  this  ore  4  troy  ounces        -  or  1920  grains, 

add     3  ^ bottle  glafs  —  1680 

2  [-  chalk  —  1200 

o'-    charcoal      —    240 
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Vr.  On  the  real  Orhyin  of  that  Hejin  kncz'jn  under  the  Kame 
of  SujidaraCy  arid  that  of  Gum  Arable.  Bj  M.  ScHOUS- 
JiOE  *. 

VjrUM  Sandarac  is  an  article  of  trade  brought  from  the 
fouthern  provinces  of  the  kingdom  of  Morocco.  About  fix 
.or  feven  hundred  quintals  of  it  are  exported  ever/  year  from 
Santa  Cruz,  Mogador,  and  Saffy.  In  the  language  of  the 
country  it  is  called  El  graffa.  The  tree  which  produces  it 
is  a  J'huiay   iound  alfo  by  iSl.  \'ahl   in   the  kingdom   of 

*  From  a  Danifli  Journal,  entitled,  The  Phjical,  Medical,  and  Econo^ 
pical  Libru-y^  Pan  111.  1799- 

Tunii. 


"S^o  On  the  Origin  of  Gum  Sanacrac, 

Tunis  *.  It  was  made  known  feveral  years  ago  by  "Dr. 
S'ha\v,  whp  uameJ  it,  Cyprejjus  fruSlu  quadrwalvi,  Ejntfefi 
inj?.tir  articujatis;  but  neither  of  thefu  learned  men  was  ac- 
quainted with  the  economical  ufe  of  this  tree;  probably  be-  . 
caufe,  being  not  common  in  the  northern  jiart  of  Barbary, 
the  inhal)itants  find  little  advantage  in  collecting  the  rcfm 
which  exudes  from  it.  This  refin  hitherto  has  been  afcribed 
to  the  Juniperm  communis,  Juniperus  Lyc'tdy  or  the  Cedar  of  ■ 
Lebanon,  without  reflecling  that  the  Juniperus  communis 
does  not  grow  in  Africa,  and  Sandarac  feems  to  belong  ex-  - 
clujfivcly  to  that  part  of  the  world.  M.  Schoufboe,  who  faw  - 
the  fpecies  of  Thuia  in  quellion,  fays  th.at  it  does  not  riffe  to 
Kwrc  than  th«  height  of  twenty  or  tliirty  feet  at  moft,  and 
that  the  diameter  of  its  trunk  does  not  exceed  ten  or  twelve 
inches.  It  diftinguidies  itfclf,  on  the  firft  view,  from  the 
two  other  fpccies  of  the  Dime  genus,  cultivated  in  gardens, 
by  haviiDg.  a,  very  dirtincl  trunk,  and  the  figure  of  a  real  tree ;  j 
whereas  in  the  latter  the  branches  rife  from  the  root,  which 
gives  them  the  appearance  rather  of  bulhes.  Its  Brandies 
;i!io  arc  more  articulated  and  brittle.  Its  flo^ver-,  which  arc 
not  very  apparent,  fiiew  themfelves  in  April ;  and  the  fruit, 
which  are  of  a  fpherical  form,  ripen  in  September.  "When 
a  branch  of  this  tree  is  held  to  the  light,  it  appears  to  be  in- 
terfperfcd  with  a  multitude  of  tranfparcut  veficles  which  con- 
tain the  refin.  When  thefe  veficles  burft  in  the  fummer 
months,  a  refinous  juice  exudes  from  the  trunk  and  branches, 
as  is  the  caic  in  other  coniferous  trees.  This  rcfin  is  the 
Sandarac,  whit:h  is  collected  by  the  inhabitants  of  the  coun- 
tr\',  and  carried  to  the  ports,  frf)m  which  it  is  tranfported  to 
Lurope.  It  is  employed  in  making  funic  kinds  of  fealinor-r 
wax,  and  in  different  forts  of  varnifii.  In  1793  a  hundred 
weight  of  it  cofi;  in  Morocco  from  13  to  13'-  pialtrc!^,  which 
make  about  3/.  5^-.  to  3/.  7^.  and  6^.  iierling.  The  duty 
on  exportation  was  about  js.  6d.  ficrling  per  quintal. 

Sandarac,  to  be  gootl,  mud  be  of  a  bright- yellow  colour, 
pure  and  tranfparcnt.     It  is  an  article  very  difficult  to  l^a 

*  A  comp)cte  dcfcription  of  it,  with  a  good  figure,  may  be  found  in 
his  work  entitled,  Sy.r.i^'jl.  B>l(in.  Fart  II.  pi  96.  Plate  XLVIII.  uuder 
tbp  nasic  Ttaia  articulati, 

adulterated. 
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adulterated.  Care,  however,  rnuft  be  ti\ken  tliat  the  Modp;, 
<Jh  not  mix  with  it  too  much  fund.  It  is  prol^ahlc  that  a 
tree  of"  the  fame  kind  produces  the  irinn  fanchu-ac  of  Senegal, 
which  is  exported  in  pretty  coniklcrahle  cjuanfitics. 

Anotiier  article  of  conimeree  in  wliich  tlie  kingdom  of 
Moroe.-o  participates  with  Senegid,  is  that  gum  called  Cnun 
Arabic,  known  by  the  name  of  yll  leill:.  The  tree  which 
produces  it  crows  only  in  the  ioutlieru  provinces  of  that 
itate.  The  quantity  of  this  article  exported  to  the  different 
parts  ofEurojie  from  the  ports  of  Morocco  may  amount  to 
about  eliil-.t  or  nine  quintals.  M.  Sclinun)oe  fays,  that  this 
tree  is  tlie  MlmoJ'a  nllol'ica,  named  in  the  counlry  yll  tblah; 
hut  this  is  no  reafon  why  the  fr.me  kind  of  gum  flioidd  not 
be  colleAed  in  the  more  fouthcrn  countries  of  Africa  from 
the  MlmoJ'a  Snicgal,  and  even  from  other  trees  of  the  (jmie 
fpeeics,  as  we  arc  told  by  various  authors.  In  Barbarv  thp 
people  make  a  diiference  between  the  gum  of  Senegal  and 
that  of  the  country.  The  former  is  preferred  on  account  of 
its  purity,  whilenefs,  and  tranfparency,  which  in  general  are 
the  properties  fought  for  in  this  article. 

The  gum  which  I  coUefted  myielf  in  the  pro\ince  of 
Mogador,  fays  M.  Schoufboe,  exudes  from  the  trunk  and 
branches  of  the  tree,  in  the  fame  manner  as  that  of  our 
fruit-trees.  It  is  in  round  lumps,  of  the  fize  of  a  hazle-nut, 
or  rutiier  that  of  a  walnut.  Thefe  lumps,  indeed,  l)v  be- 
coming united  to  each  other,  form  maflc-s  fometimes  of  the 
(ize  of  the  iift,  or  even  of  the  head.;  but  this  only  happens 
in  confequenee  of  the  adhefion  whicU  takes  place  between 
the  pieces  of  gum,  when  ftill  freHi,  after  they  have  been  de- 
tached from  the  tree,  and  chiefly  at  that  part  which  was  at- 
tached to  the  bark,  where  the  refinous  juice  has  not  had  time 
to  harden,  if  earth,  fmall  liones,  and  other  foreio-n  bodies, 
are  fometimes  found  in  thefe  mart'es,  it  arifes  from  fraud ; 
and  INI.  Schoul'boe  fufpec^s  that  this  eircum (lance  has  o-iven 
rife  to  the  opinion  of  the  gum  being  found  at  the  bottom  of 
the  tree,  and  that  it  exudes  from  the  roots,  which,  as  he 
thinks,  is  void  of  foundation.  Were  this  the  cafe,  it  appears 
to  him  tiiat,  beiides  the  earth  and  fand  with  which  the  "-urn 
is  accidentally  dirtied,  balls  of  thefe  matters  ougiit  to  be  found 
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in  the  inl^de,  and  even  fo  mixed  with  the  mucilaginous  j\ib- 
ftance  that  it  would  be  impoffible  ever  to  puritV  it  com- 
pletely; while,  on  the  other  hand,  the  ginu  which  comes 
from  Senegal  is  flill  purer  than  that  of  Barbary. 

M.  Schoufboe,  however,  oblcrves,  that  the  fajidarac  and 
gum  exported  from  the  port  of  Saffy  have  a  brown  or  red- 
difli  colour;  but  he  afcribes  this  colour  to  the  quantity  of 
the  red  oxyd  of  iron  mixed  w  ith  the  foil  of  the  province  ot 
Abda,  where  this  port  is  fituated.  This  oxyd  communicates 
its  colour  even  to  the  whi;e(t  wool ;  and  the  inhabitants  of 
that  province  may  be  diftinguiflicd  by  the  reddilli  tint  of  their 
clothes,  which  cannot  be  entirely  dellroyed  by  any  procefs. 
In  the  months  of  July  and  Augufl,  when  heavy  dews  fall, 
the  gum  lofcs  a  great  deal  of  its  tranfparency,  as  well  as  of 
its  other  good  qualities.  A  hundred  weight  of  this  fubftancc 
coft  at  Mogador,  in  1793,  'i^^out  3/,  Iterling,  without  in- 
cluding about  45.  cuftom-houfe  duty.  The  gum  does  not 
appear  to  be  employed  by  the  inhabitants  of  Morocco  for 
any  purpofe  whatever :  the  whole  of  what  tjiey  colle<Sl  is  fold 
to  the  different  commercial  nations  of  Europe. 


t^II.  On  the  Pe/lilt'7ifial  Djfeaffs  luhichy^at  different  times ^  gp-r 
teared  in  the  Atkermm,  Carthagiau  and  Rovian  Armies,  in 
the  Neighbourhood  of  Sjracu/e.  By  the  late  ^.  11.  Sm  iTHj 
Phjjifian*. 

Sectiox  I. 

SYRACUSE,  the  mod  beautiful  of  all  the  cities  built  by 
the  Greeks,  was  founded  by  Archiqs,  a  Corinthian,  of  the 
race  of  Hercules*.     He  firll  expelled  the  natives- from  Orty- 

o-ia,  where  he  commenced  the  citv,  which  was  afterwards 

p    •'  _  _  -  -' 

extended  to  the  neighbouring  continent.  This  place,  fo  ce-f 
Icbrated  in  ancient  hiftory,  the  birth-pUice  of  Archimedes, 
and  theatre  of  many  memorable  tranfaclions,  now  reduced  to 
a  miferable  town,  of  inferior  confequence  even  in  Sicilv,  is 
lituated  in  north  latitude  37°  5',  a  little  above  Cape  Palfara 

"^  VTomx\\z  American  Melical  Rep'J'.toyv,  Vn!.  II.  No.  4. 

•(-  Cicero  in  ^"ei■.  Adt.  \\.  Lib.  ;v  <>  1 17.     Thucydides,  B-  vi. 
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(the  ancient  Pachvnuni),  the  fouth-wcftcrn  exireniity  of  the 
ifland  of  Sicily. 

The  cHmate  of  Sicily,  in  general,  is  rcprcfcntcd  as  favour- 
able to  health  * ;  and,  iiot'.vithftandins:  its  infular  fitualionj 
tnore  analogons,  in  the  qualities  of  t^'itiperatiire  and  hunii- 
dity,  to  the  hilly,  than  to  the  Atlantic  divifions  of  South- 
Carolina  and  Georgia.  The  winter  is  remark:-.blv  mild  : 
with  the  exception  of  a  few  days,  it  equals  the  fincit  fpring 
weather  in  the  North  of  Europe  t,  and  the  Eaftern  States  of 
America;  and  the  Hiade  is  found  pleailint,  in  the  middle  of 
the  day,  even  in  tfie  month  of  January  :{;.  At  Svracufe,  in 
particular,  the  fcafon  is  fo  little  atfefted  by  the  feverities  of 
cold  and  tempeft,  that,  during  its  whole  courfc,  and  \\\  it? 
moll  boillerous  ftate,  the  (kv  is  never  totally  obfcurcd  for  a 
fingle  day  §.  Yet  in  this  climate  did  Verre?,  the  voluptuous 
praetor  of  Sicilv,  that  mondcr  of  atrocltv  and  kfclviouracfs, 
lo  entirely  feclude  himfelf  from  all  impact  and  intiuence  of 
the  atmofpherc,  as  o\-\\\  to  learn  the  approach  of  fprino-  by 
obferving  the  dew  gliden  on  the  verdure  which  furrounded 
his  palace  II .  As  the  feafon  advances,  the  heat  rapidly  in- 
creafes,  till,  in  the  furHmer,  it  is  no  longer  to  be  endurqd  by 
ftrangers,  and  exertion,  as  well  as  cnioyment,  is  temporarily 
fufpended.  In-autumn,  the  frequent  rains,  which  are  com- 
mon throughout  tliis  fcafon,  and  the  heats  of  the  middle  of 
the  day,  contrafted  with  the  extreme  chillinefs  of  the  even- 
ings, render  it  lefs  pleafant  and  falubrious  than  any  other 
part  of  the  vearf .  It  is  to  the  exceffive  fultrinefs  of  the  fum- 
mersthata  late  fenfible  writer**  afcrlbes  the  imperfeftion of 

many, 

■'  Eenige  Berichten,  Sec.  /.  e.  Some  r.ccount  of  the  PrufTivin,  Auftr'an, 
and  Sicilian  monarchies,  &c.  Sec  Monthly  Review  Enlarged,  Vol.  XIV. 
p.  491. 

f  Swinburne's  Travels  in  th;-  Two  Sicilies,  Vol.  TI.  §  49.  Dubl.  edit. 

X  Keyfter's  Travels,  Vol.111    p.  33. — Tranfiation. 

§  Cicero  in  Ver.  A£r.  II.  Lib.  v.  §  iG. 

II  Ciceco  in  Ver.  Act.  II.  Lib.  v.  §  12. 

9\  Travels  in  Sicily  and  Malta,  by.  M.  De  Non,  p.  307,  333,  and  383. — 
Tranflation. 

••  Eenige  Eerichten,  &c. — '•  The  foil  is  cxceedinglv  fertile;  but,  from 
the  great  heat  cf  the  clim.ite,  mar.v  of  our  mail  n^uriiliinj;  and  refreniiiigj 
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many,  and  the  total  want  of  others,  of  the  mod  nutrition^ 
and  rctTeOiing  vegetables  ot"  th^  nortlicrn  climates,  in  dcfpitc 
<.){  that  fertility  of  foil  which,  from  time  immemorial,  has 
conferred  on  Sicily  the  appellation  of  the  granary  of  Europe. 
But,  notwithftanding  the  general  pkafantnefs  and  health- 
fulnefs  of  this  ifland,  the  concurrent  tcftlmonv  t)f  ancient  and 
modern  writers  evinces  the  noxious  condition  of  particular 
places.  *'  The  leaft  ftagnant  water  is  fuflicient,  in  th.e  heats 
of  fvimmer,  to  pdifon  the  atmolplicre  :  its  effeils  on  the  coun- 
tenances of  the  poor  people,  who  live  in  its  vicinity,  arc  very 
evident;  and  a  llranger,  who  travels  through  the  iiland  in 
this  feafon,  ought  to  avoid  ever  pa'Tnig  a  night  near  them  *. 
As  ioon  as  the  fun  enters  the  Liou,  this  country  becomes 
the  houfe  cf  death  :  fevers,  of  the  moft  malignant  kind,  feize 
upon  the  imprudent  or  unfortunate  wni-tch  that  fpends  a 
night  near  I'lcm  (ponds  and  niarfhes);  and  few  efcape  with 
life,  when  attacked  hy  fo  virulcnr  a  difo-rderf."  Inftruc^cd, 
probably,  ])y  experience  of  the  calamities  confequent  on  a 
near  rcfidcnce  to  marflies  and  ftagnant  waters,  the  inhabi- 
tants in  various  parts  of  Sicily  have  br.ilt  their  towns  on  ad- 
joiniij'g  eininences  ;J".  To  avoid  the  dangers  which  befet  the 
llranger  in  journeying  through  this  country  in  the  ftiltry  and 
ftutumnal  feafons,  was  probably  one  of  th.c  motives  of  the 
Roman  prcetors  for  performing  the  tour  of  the  illand  in  the 
time  of  harveft  §.  By  a  neglctt  of  fimilar  prudence,  the  ce- 
lebrated M.  DeNon  became  aficcled  with  a  violent  fever  and 
ague,  after  an  incautious  expofure  to  the  heat  of  the  fun  and 
the  chill  of  the  evening,  in  an  unwholcfome  part  of  the 
country,  and  in  the  month  of  September  ]|. 

From  this  brief  accountof  the  climate  of  SFclly,  it  will  l;e 
evident,  that,  how  favourable  foever  it  may  be  eficemed,  in 
general,  tf)  the  health  and  longevity  of  the  natives,  and  how 

vegetables  will  not  thrive  in  it.  Currents,  rarpberries,  and  i;o')flberries, 
arc  unknown  to  tin;  natives;  and  foreigners,  who  hive  atttuijted  ti>  ciiiti- 
r^ie  rhcni,  have  never  been  able  to  fucceed." 

I*  Eenigc  Berichten,  &c. 

f  Swinburne's  Travels^  Vol.  [I.  §  4q.  Dubiin  edit. 

+  SAiiiburne's  Trsvcis,  Vol.  If.  p,  300.   Dublin  edit, 

f>  Cicero  in  Ver.  Aft  II.  Lib.  v.  §  So. 

jj  De  Non's  Travtii,  p.  303. — Tiauflailcn. 
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'i  afant  foLver  many  parts  of  it  deferve  to  be  confidcvcd  as  a 
inter  ami  even  vernal  refidence  for  ftrangers;  vet,  in  other 
\^on^,  and  particularly  ior  vilitors  from  eoMer  eoiintries,  it. 
iii'.ifl  be  in  moll  parts  vtndilulary,  in  others  certainly  fatal, 
M\A,  in  feme,  not  to  be  long  continued  in,  with  impunity, 
})\-  the  inhabitants  themfelves.  And,  as  tliis  remark  refers 
wholly  to  ordinary  years  and  circumltances,  it  \\'\\\  afiord 
'niie  aground  for  eftimatincr  the  eflfefts  of  one  of  the  mod  un- 
1  i.dthv  fituations  in  the  country,  in  the  fickly  feafon  of  the 
\  ( ar,  with  a  conftitution  of  the  atmofphere  favourable  to 
(  pidemic  difeafes,  on  an  army  of  forei<]:ncrs,  tumultuous  and 
ill-accommodated,  worn  down  with  fotigue,  "or  finking  in 
di.'fpondency. — With  this  refleclion  imprefled  on  the  mind, 
\\  c  may  now  proceed  to  a  defcription  of  the  city  of  Syracufe, 
and  the  country  iivimediately  adjacent,  as  they  exillcd  in  an- 
cient times,  occafionally  lupplying  illuftrations  from  the  ac- 
Kuints  of  modern  travellers. 

The  once  beautiful  city  of  Syracufe  confifted  of  five  prin- 
cipal divifions.  traces  of  all  v\  hich  are  (till  diicernible.  1.  The 
iile  Ortygia,  Nafos,  or  Nafon  :  2.  Achradina:  3.Tyche,  op 
Tycha :  4.  Ncapolis,  or  the  new  city  :   and,  5.  Epipolce  *. 

Or/j'gia,  enelofed  by  the  two  ports — the  great  port  on  the 
weft  and  the  little  ]iort  on  the  eait,  and  connected  with  the 
conliucnt  by  a  bridge — is  of  an  oblqng  form,  and  about  twrt 
miles  in  circumference  f.  Here  the  original  fettlemcnt  com- 
menced, and  this  was  always  confidered  as  the  wealthieii  and 
mod  defirable  part  of  Syracufe.  It  was  the  ancient  refidence 
of  the  kings;  and,  in  the  time  of  Cicero,  Itill  contained  the 
houfe  of  Hiero.  It  u'as  ornamented  with  various  public 
buildings,  particularly  the  temples  of  Diana  and  Minerva ; 
and,  in  part,  watered  by  the  poetic  fountain  of  Arethufa.  As 
the  population  increafcd,  the  found,  whicli  divided  Ortygia 
from  the  Continent,  v.as  filled  up,  and  the  iflc  converted  into 
a  peninfula  ]:.  Carlos  III.  of  Spain  removed  the  earth  by 
which  they  were  united  ;  and  Ortvo;ia  is  again  an  ifland,  and 
connct'ted  wiih  the  Continent,  as  iormerly,  by  a  bridge  §. 

'■  Cicero  in  V"er.  Atl.  II.  Lib.  iv.  §  i  iS.  De  Non,  p.  304.  et  fcquenr. 
Swinburne,  Vol,  J  [.  p.  3C9.  f   De  N  :p.     Swinbinne. 

t  Dl  Non.     Swinburne.  §   Bryiouc'.^  T oi;r,  Ltcter  xii«.  .     , 
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The  fituatlon  of  Ortvgia  is  important,  for  it  commands 
both  the  ports  3  and  though  ruppofed  itfelf  to  be  coniniauded 
by  Achradina,  yet,  while  that  quarter  of  the  city  remained 
in  the  poffefliion  of  the  Syracufans,  together  with  the  ifle,  and 
the  oppofite  pmniontorv  of  Plemmyriumj  the  town  was  nearly 
inaccefTihle  to  a  naval  force  *.  At  prefent  Ortvgia  is  the  only 
city.  To  this  (late  it  was  reduced  by  the  ^Muflulmen.  It  is 
ftrongly  defended  towards  the  land,  weakly  towards  the  fea- 
fide.  Its  quay  is  finall  ;  its  ftreets  narrow,  winding,  and 
wretchedly  built;  and  its  population  does  not  exceed  18,000 
pcrfons  i'.  The  fountain  of  Arethufa,  after  repeated  changes^ 
of  fituation 'I,  is  ftill  difcovera^dc  in  tiie  weft  part  of  the  iflej 
but  its  beauty  and  its  honours  have  fled  v<'ith  the  n-jythology  \ 
to  which  it  is  indchted  for  its  fame. 

Achradina.  1  he  quarter  of  Achradina,  at  the  period  to 
ivliich  this  effay  has  p;;rticular  reference,  w:is  the  moft  fpa- 
cious,  well  built,  and  ftrongly  fortified  part  of  the  city.  It 
extends  over  tv\o  confiderable  levels,  divided  by  a  natural 
wall  of  calcareous  rocks  ;  the  one  as  elevated  as  Tyche ;  the 
other,  and  more  confiderable,  on  a  plane  with  Ortygia,  and 
thence  Conferring  on  this  quarter  the  character  of  the  lowefr 
divifion  of  Syracufe.  The  eallern  part  was  the  nioll  com- 
modious, and  not  lefs  extcnfue  than  the  modern  Paris.  The 
whole  was  adorned  wlr.li  a  large  forum,  a  beautiful  portico, 
prytaneum,  ciiria,  and  the  icnipic  of  Jupiter  Olympus ;  bor- 
dered on  three  fides  by  the  fea,  by  the  great  port  on  the  weft, 
the  lefler  on  the  fouth,  and  iiio  port  of  Trogilus  on  tlie  eaft  > 
and,  on  all  fides,  nearly  imjirtgnable.  The  rocks  of  this 
quarter  of  Syracufe,  which  are  formed  bv  n)arine  depofiilons, 
poftefs  the  fingular  property  of  diftipating  or  abforbing  the, 
moifture  of  dead  bodies  fo  fpetdily,  that  they  are  prefervcd  in 
vaults  excavated  for  the  purpofe,  in  their  proper  form  and  ha- 
biliments. Achradina  is  remarkably  fertile,  and  natiu-ally 
adapted  for  bringing  to  perfection  every  tropical  produclion  §. 

*  De  Non.     Swinburne. 

+   Swinburne,  Vol.  il.  p.  311,  311.     Dc  Non,  p.  304. 
X  De  Non,  p.  307. 

§  Cicero  ut  antca.     De  Non,  p.  321,  et  feiivicnr.     Swinburne,  Vo!.  I., 
p.  ji^  314,  315.     Rollin's  Rom. Hill.  Vol.  V.  p.  204. 
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Tyche^  or  ti;ic  third  city,  extcmled  northerly  from  Achra- 
cl'iia  to  Epipola:';  coinnicncing  at  the  bottom  of  the  port  of 
J^ogilus,  which  forms  its  iV.uth-cailern  l>oun(!arv.  Eaft,  It 
was  defended  by  a  llrontr  wall  ;  and  a  wall  divided  it,  on  the 
wcrt,  from  Ncapolis.  The  famous  gate  of  Hexapylon  wos  on 
the  caltern  wall,  and  oppofitc  to  the  little  town  of  Leon. 
Tyche  was  ornamented  l)v  tlic  Gymnafium  ;  and,  though 
»io\v  defolate,  was  once  filled  with  inhabitants.  It  is  very 
elevated,  rifing  in  rapid  gradation  from  the  waii  of  Achra- 
dina*.  * 

Nciipolis  ran  nearly  parallel,  and  in  ^hc  fame  dire(flioii 
with  Tyche;  terminating  on  the  north,  with  that  quarter,  at 
I.lpipolae.  On  the  eaft,  fouth,  and  weft,  it  was  equally  pro- 
tected by  a  wall.  The  upper  and  northern  part  of  Neapolis, 
as  of  Tyehc,  was  elevated  ;  its  fouth-weftern  extremity  was 
tonfiderablv  lower.  A  noble  theatre,  and  the  temples  of 
Ceres  and  Bacchus,  were  its  mod  diftinguiflied  ornaments  f. 

EplpoLs  was  originally  a  piece  of  high  ground  without  the 
city,  and  afterwards  fo  little  inhabited  that  it  is  not  men- 
tioned by  Cicero  in  his  dcfcription  of  Syracufe.  Thq  moft 
elevated  fituation,  and  commanding  Tyche  and  Neapolis-,  it 
v/as  judicioufly  inclofed  by  Dionylius  I.  who  furrounded  it 
with  a  wall  of  near  four  miles  i*i  extent.  Its  additional  de- 
icjice  was  the  fortrcfs  of  Labdalon,  at  its  bottom,  on  the  eaft; 
and  that  of  Euryalus,  at  its  top,  on  the  north  %. 

The  whole  extent  of  the  city  of  Syracufe,  accordino-  to 
Slrabo,  whofe  account  is  verified  by  the  concurrent  teltimony 
of  Mr.  Swinburne,  was  equal  to  twenty-two  miles  and  four 
furlongs  Engl ifli  meafurc§. 

To  this  brief  dcfcription  of  the  principal  divifions  of  this 
famous  citv,  it  is  neceiTiiry  to  add  a  few  remarks  relative^-to 
its  immediate  vicinage,  and  the  waters  by  which  it  is  fur- 
rounded. 

The  Great  Hiirhour,  or  Port,  is  about  five  miles  in  cir- 
^unifereuce,  and  forms,  at  its  north-weftern  extremity,  the 

•  Cicerc.     Rollin.     Dc  Non.     Suinburnc, 
f  Cicero,     Roilin.     Dc  Non,     S\vu;bjrnt. 
ij  Rollir.     Swinburac,     De  Non. 
§  Swinburne,  ^'ol.  II.  p.  3^9, 
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Gulf  of  Dafoon.  Lowcf  down,  and  oppofite  to  Ort\gi^,  :\ 
is  contrafted  by  the  promontory  and  fort  of  Plcmuivriuin. 
The  Little  Port,  or  Portus  Marmoreus,  divides  Ortvgia  from 
the  Continent  on  the  caft,  and  waflies  tlic  fouthern  wall  of 
Achradina.  The  Baj  cfTbapfus  runs  up  behind  Achradina 
on  the  caft,  and  form?,  bj^  the  junction  of  its  wedern  extre- 
mity with  the  city,  the  Port  ofTrogihis  *. 

At  the  diftance  of  about  two  utiles  from  Ortvgia,  and 
fomewhat  lefs  than  a  mile  and  a  half  from  Neapolis,  (whofe 
u'cftern  wall  croffcd  the  low  grounds  through  which  it  runs,) 
the  river  Anapus  empties  into  the  great  harbour.  This  ftream, 
■which  is  only  twenty-four  feet  wide,  and  twelve  or  fifteeix 
deep  at  its  mouth,  flows,  in  a  ferpentinc  courfe,  through  a 
fnial!  extent  of  country,  which,  thoi'.gh  ilightly  elevated  on 
its  fouth  or  fouth-weftern  fide,  on  the  north  and  north-weft 
coniids  of  an  extenfive  marfliy  plain  f. 

Between  the  Anapus  and  the  promontory  of  Plcnmivriuni 
was  fituated  the  little  fuburb  of  Olympia,  furroundine;  the 
fcite  of  the  ancient  temple  of  Jupiter  Olympus,  built  upon 
an  eminence,  and  bounded  on  either  fide  by  the  vaft  Lyfi- 
rnelian  marflies,  extending  from  the  head  of  the  crcat  har- 
bour, half  covered  with  water  in  the  vernal  months,  and  ex- 
haling, under  a  vertical  fun,  the  moft  unwholefome  and  per- 
nicious vapours  j. 

The  preceding  detail,  it  Is  hoped,  will  neither  be  found  al-. 
together  tirefome,  nor  foreign  to  the  purpofc  of  this  cfTav. 
Some  part  of  it  might,  indeed,  have  been  omitted,  as  not 
dire6fly  ef.ential  to  the  main  defign  of  the  paper;  but  there 
would  have  been  Kf;  unity  in  the  dcfcription,  and  fome  por- 
tion of  the  fubfequcnt  narration  n^iight  have  been  Icis  pevfcclly 
comprehended. 

*  Ro'.lin.     Svvinburne.     De  Non. 

f   Roilin.     S'.viiib-jriic,     Dc  Won,     Th'Jcyd'.Jes,  13.  vi.  nnd  vii. 

*  Ri,Ilin.     De  Nun.     Swinburne.     Watkia's  Travels,  Letter  xx:".- 
Tlx.  reader  will  find  great  aififtance  in  comprehending  di(tin6\ly  everjr  j 

pavr  of  the  preceding  dcfciiption,  from  confultin^:  the  plan  of  Syrsciifc  in   'J 
Vvoliiii's  Aiicieiu  HH'cry,  or  that  in  his  Roman   Hlft'iry,   v.hich,  tlirnit,ll 
in^ccuraie  in  forac  r;;fp^i^s,  I  have  realibn  lo  believe  the  inofl.  corre<^t. 
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5>ECT.  H. — The  peftilential  difcafes  prevailing  in  the 
ncighI)ourho(id  of  Syracufe,  to  which  tlie  prcfent  inquiry 
is  limited,  occurred  at  three  dillir.61  periods:  at  the  three 
(icges  of  that  citv,  by  the  Athenians  and  their  alhe?,  under 
Nicias ;  by  the  Carthaginians,  under  Imilcon ;  and  by  the 
Romans,  under  Marcellus.  It  is  exceedingly  to  be  regretted, 
that,  confidering  the  lingular  mortality  which  diftinguiflied 
each  of  thefe  plagues,  the  information  concerning  them  is 
fo  fcanty  and  general.  But  the  precifion  which  remarkably 
chara<9;erifes  that  which  remains,  renders  it  of  fufficient  im- 
portance to  dcfervc  particular  attention.  It  is  the  purpofe  of 
the  prefent  Sev::ti()n  to  place  before  the  reader,  in  a  fuccin6t 
narration,  the  cirt  umftances  which  the  hiftorians  have  pre- 
fervcd  relative  to  each  of  thefe  intercfling  events. 

In  the  fecond  year  of  the  famous  contell  between  the  Sy- 
racufans  and  the  Athenians,  of  which  Thucydides  has  left  fu 
minute  and  fo  touching  an  account,  the  Athenians,  whofc 
principal  encampments  were  on  the  eaft  of  Syracufe — at 
I.con,  at  Thapfus,  at  Labdalium,  and  on  the  port  of  Tro- 
gilus — undertook  the  conftruclion  of  a  wall,  which  extended 
to  Epipolae,  and  was  deligned,  after  crofling  the  plain  and 
tlie  niarflies  of  the  Anapus,  to  reach  to  the  great  harbour  on 
the  weft,  and  inclofe  the  citv.  From  the  completion  of  this 
eiiterprife  they  were  prevented  bv  the  exertions  of  the  Syra- 
cufans,  who  carried  a  divifion-wall  from  the  city  acrofs  the 
mariii,  and  thus  oppoied  an  infurmoimtable  barrier  to  the 
progrefs  of  their  befiegers.  To  promote  his  defign,  of  the 
fuccefs  of  which  he  now  began  to  entertain  doubts,  and  to 
enable  him  more  efleciually  to  annoy  the  enemy  by  water, 
the  Athenian  general  fortified  and  tranfported  his  army  to 
Plemmyrium.  From  this  time  the  fortune  of  the  Athenians 
changed  :  their  fatigue  was  great  and  inceilknt ;  every  trifl- 
ing fuccefs  was  fucceeded  by  fome  fad  reverfe;  relief  waa 
diltant  and  uncertain;  and  thev  became  a  prey  to  defpond- 
ency,  not  a  little  heightened  by  a  fenfe  of  tiie  injulVice  of 
their  caufe,  their  exemplary  humiliation,  and  the  unexpected 
fuperiority  of  their  antagonifts.  Under  thefe  circumftanccs, 
in  the   autunmal  feufon,   and  "  encamped  on  niarfliv  and 

Vol.  V.  Kk  unwhole- 
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unwholofoine  ground  *,"  a  fituatioii  "  always  unhcalthy'foi' 
an  army,  and  clnecially  in  tliis  fcuCon  of  the  ycarf,"  a  pcf- 
tilcntial  difeafc  flicwed  ilfcU'in  the  camp,  extending  with  the 
progrels  of  the  feafon,  and  the  continued  expofure  of  the  fol- 
dicry,  or,  as  Plutarcli  cxpreires  himfelf,  by  contagion ;  till, 
haralfed  bv  the  enemy  on  one  part,  and  worn  down  by  fa- 
tfgue  and  ficknefs  on  the  other,  the  Athenians  were  driven 
"to  tlie  fad  neceflitv  of  attempting  a  forced  and  fecret  retreat, 
>\  iih  the  dereliction  of  their  camp,  tlicir  wounded,  and  their 
Tick.  The  confunimate  eloquence  of  'Ihucydidcs  alone  is 
adequate  to  the  dcfcription  of  this  feene  of  horrors. 

Of  the  numbers  who  perilhed  bv  this  peflilence,  and  of  ita 
particular  fymntoms,  no  record  is  tranlmitted  down  to  us. 
The  event  ofthis  fieoe  is  known.  The  Athenians  were  fur- 
rounded  on  their  retreat^  and  defeated  with  immenfe  deftruc- 
tion,  and  under  the  molt  melanehoK'  circumftanc^'S  f)f  dif- 
trefs  :  their  <renera!,  worlhv  of  a  belter  fate,  was  cruelly  put 
to  death  ;  and  the  greater  part  of  thofe  who  were  made  pri- 
foners  poriflicd  in  Svracufe,  the  victims  of  difeafes  induced 
by  exceliive  labour  and  unwholefome  food.  A  few  (in  Inch 
honour  was  poefy  amonir  the  ancients,)  were  emancipated  by 
the  recollection  and  recitation  of  even  a  iingle  verle  of  the 
pathetic  tragedies  of  Euripides  ;J:. 

At  a  fubfequcnt  period,  and  daring  the  \var.bct\Veen  the 
Carthaginians  and  Dionvfius  the  elder,  Himilco,  or  Imilcon^ 
after  leveral  fuccefsful  enterprifcs  in  other  parts  of  Sicily, 
marched  againft  Syracuie.  He  invaded  it  with  an  army  of 
300,000  foot  and  3000  horfe;  while  the  Carthaginian  fleet, 
of  200  fliips,  under  the  command  of  Mago,  followed  by  500 
barks,"  entered  the  great  port  in  a  triumphal  manner,  and 
laden  with  the  fpoils  of  the  ravaged  cities  of  the  ifland.  Imil- 
•con  piteheil  his  tent  in  the  very  temple  of  .Tupiter,  then 
Itanding  at  Olympia :  and  his  army  encamped  around  hinU 

*  Smith's  Thucydidts,  Vol.  II.  p.  236. 

f   riurarch,  art.  Nicias. 

I  M/i/.  —  For  tlie  pariicLilar  hirtorv  oi"  til',.  fier;;f  cf  Svracvife,  the  rcr<.ler 
is  refcrre(!,  generally,  :o  TiiucviliJes,  B.  vi.  itxiJ  '.-;i.-,  and  to  die  l.ifc  of 
Nicias,  bv  Pluiarch. 
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In    this   fituation,    "  an   eminence   between    two    niorali'cs, 
liigliK'  favourable  for  a  lanip,  and  for  rendering  it  inij)reg- 
uable,"  he  eontiniicd  thirtv  doys,   lavins!;  ualle   ihe  eountiv 
on  all  fides,    plundering  the  temples,   and  deniolidiing   the 
tombs  of  the  kings,  and  in  vain  otlering  battle  to  the  Sy- 
faeufans,  who  had  not  the  courage  to  attaek  or  oppofo  him. 
Nature,  more  powerful  than  themlelvcs,  arrelied  the  jirogrefs 
ot  that  fate  which  threatened  to  overuhehn  them.      "  It  was 
now  in  the  midll  of  fummer,  and  the  heat  this  year  was  cx- 
cellive."     A\'hile  Imilcon  continued  at  Olympia,  fpreading 
devalhition  around  him,  and  anticipated  a  fignai  revenge  upon 
the  hodilc  Syracuians,  a  peftilential  malady  (hewed  itfelf  in 
his  camp.     It  appeared  lirlt  aniong  his  auxiliaries,  the  Afri- 
cans, who,  forced  into  the  ferviee  In' fear  of  the  Carthagi- 
nians, whom  thcv  hated,  were  ]irohablv  leafl  carefully  ac- 
commodated.    From  them  it  foon  extended,  by  the  increaf- 
mg  virulence  and  activity  of  the  exciting  caufc,  throughout 
tlie  army.     Neither  care  nor  medicine  aflbrded  relief.     At 
firft  the  fick  received  fome  alliltance  from  the  well ;  but  the, 
peftilence  and  the  mortality  multiplied  themfelvi  s  fo  raj)idly 
in  every  diredtivni    that    this  {oon   became  impofiible,    nor 
were  there  men  to  be  found  for  tlie  performance  of  the  rites 
offepulture  to  the  accuuudating  dead.     "  Violent  d\'fcutc- 
rics,  ragino;  fevers,  burning  entrails,  and  acute  pains  in  everv 
part  of  the  bodv,"   were  the  ufual  fympioms  of  this  terrible 
difeafe.     Some  were  even  feized  with  madneis,  and  in  their 
phrenfy  attacked  and  end(;avoured  to  dcftroy  all  that  were 
expofed  t(j  their  afl'auhs.    JNIeautime  the  Syraeufuns,  in  hcidth 
and  fafetv  in  their  elevated,  drv,   and  airy  city,  watched  the 
progrefs  of  the  peftilence  amonsj  their  enemies,  and,  proiiiin<«' 
bv  their  forlorn  condition,  captured  or  involved  in  flames , heir 
mighty  fleet;  and,  florniing  their  camp,  impregnable  to  the 
greatelt  force  when  defended  bv  even  a  fnull  body  of  hcal.hv 
troops,   defeated   them   with  exemplary  deftruc^lion.      Thus 
befet,  enfeebled  by  difeafe  and  humbled  by  defeat,  the  prouc| 
Imilcon,  who,  a  ihort  time  beibre,  held  the  ccuvpicfi,  not 
only  of  Syracufe,  but  of  Sicily,  too  cheap  and  cafy  a  victory 
for  fo  formidable  an  hoft,  was  reduced  to  purchafe  his  fafetv 
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for  300  talents,  and  fled,   leaving  iinburied  the  carcafes  of 

150,000  of  his  foldiery  *. 

The  hirtory  of  the  laft  of  tliofe  pefl:ilential  difeafes,  which 
are  particularly  fcle6led  for  prefent  confideration,  deferves  a 
longer  and  more  attentive  examination.  Furnifliing  excel- 
lent illudration  of  feveral  important  points  in  the  hiftory  of 
thefe  diforders,  the  reader  will  doubtlcfs  excufe  fuch  preli- 
minary narration  as  may  conduce  to  place  it  more  fully  be- 
fore him. 

The  Roman  army,  under  the  command  of  Marcellus,  de- 
camped from  their  ftation  at  Leontium,  the  modern  Lentini, 
and,  arriving  at  Syracufe,  encamped  at  Olympia,  After  an 
unfuccefsful  attempt  at  negoeiation,  the  city  was  befieged  in 
due  form  ;  and  the  attack  commenced  on  Hexapylon  by 
land,  and  on  Achradina  by  water.  But  the  Roman  general 
was  not  fuccefsful  at  Syracufe,  as  he  had  beeri  at  Leontium: 
all  his  exertions  were  rendered  nufjatory  bv  the  talents  of  a 
fingle  citizen  ;  and  the  genius  of  Archime.des  triumphed  over 
the  power  of  Rome. 

*  Rollin's  Ancient  Hiftorv,  Vol,  I.  p.  302,  30  ,  04  De  Non's  Tra- 
vels, p.  358,  359,  &c.     Diodorus  Sicuius,  Lib.  xiv.  p.  179  —  295. 

The  Carthaginians  feem  to  have  been  deftined  to  (Ave  the  defeat  of 
many  of  their  mod  pvomifing  entcrprifes  in  Sicily  to  peftilential  difealls. 
In  a  former  part  of  the  fame  war,  wliofe  unliappy  termination  has  btcn 
tkfcribed  abA'c,  Hannibal,  the  predeceffor  of  Imilcon,  laid  fuge  to  the 
city  of  Ajirigcntuni  (Girgenti),  in  the  (buth-wcflern  part  of  Sicily.  For 
the  purpofe  of  raifing  a  wall  without,  which  fhould  overlook  and  command 
the  citv  walls,  he  colkfted  all  the  materials  within  his  reach,  and,  among 
the  rift,  'tftroyed,  ^^6  cnnverttd  to  this  ufe,  the  tombs  ftanding  round  a 
city  vtry  ancient  and  populous,  and  then  containing  200,000  inhabitants. 
From  the  iincoVLiixig  and  difturbing  of  fo  many  dead  bodies  arofe  a  ter- 
rible -^ftilcncf,  which  carried  off  immenfe  numbers  of  the  Carthiginians, 
and  the  general  hiinlirlf.  Aflli6ted  at  this  dreadful  mortality,  the  befieg- 
crs  attributed  it,  witJi  the  fuperftition  of  rhe  a;^e,  to  the  vengeance  of  the 
gods,  in'  er.fed  againft  them  for  viol&tii.g  the  rcpofe  of  the  dead.  The 
healthincli  of  tlie  fitUHtion,  tb  feafon,  an. I  the  thorough  appointment  and 
fupplies  of  the  Carrhogini^n  army,  leave  no  room  to  doubt  as  tp  the  real 
caufe  of  the  ficknefs,  which  gradually  diCappearcd:  but  two  remarks,  of 
fome  invoriance,  are  fueg- lied  by  it.  i.  The  folly  of  modern  nations, 
efptci^lly  in  warm  cli  -ipieb,  in  fuff'  -ing  the  interment  of  the  dead  within 
their  ciiiti.  2.  The  wudom  of  fome  aueitnt  nations,  in  having  a  a'eaU,  as 
well  as  a  Iruifi^  town. 
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Xt'ceflTitatcd  to  defer  the  further  operations  of  the  ficgc,  the 
conlul  directed  his  arms  agaiaft  fcveral  other  »Sicilian  ciiici, 
and  ftriick  his  eneuiies  with  terror  bv  his  brilliant  achieve- 
ments.     About  the  fame   time  the  Carthaginian  general, 
Himilco,  arrived  at  Agrigentum,  to  the  aid  of  the  Sicilians, 
with  an  army  of  25,000  foot,  3000  horfe,  and  twelve  elc- 
i  phants.     Hippocrates,  one  of  the  Syracufan  leaders,  with  a 
I  part  of  the  Syracufan  troops,  marched  out  to  meet  him; 
I  Epicidcs  liaving  been  left,   with  the  remainder,  for  the  de- 
I  fence  of  the  city.     After  fome  fkirmifhes  with  the  Sicilian 
army,  in  which  he  was  fortunate,    Marcellus  returned  tq 
jSyracufe,  whither  he  was  foon  followed   by  Himilco  amd 
I  Hippocrates,  who,   having   formed    a  junction,   fixed  their 
icamp  at  the  river  Anapus,  about  eight  miles  from  the  citv. 
i Nothing  of  importance  occurred  while  the  armies  lay  near 
icach  other.     The  combined  chiefs  foon  drew  oif  their  forces; 
ithe  Carthaginian  general   took  up  his   wir.ter  refidence  at 
Agrigentum,   and   the   Sicilian  at  Muroantia.     Marcellus, 
who   had  been  for  fome  time  bufied  in  the  interior,  now 
again  returning,  appointed  Crifpinus  to  the  command  of  the 
ancient  camp  at  Olympia,  and  built  and  fortified  a  camp  at 
Leon,  on  the  eaftern  fide  of  Syracufe,  for  himfeif. 

The  Romans  commenced  their  operations  early  in  ihe 
fpring.  Some  of  them  having  gained  an  entrance  into  Sv- 
itacufc  in  the  night,  by  Itralagem,  the  gate  at  Hexapvlon  was 
jbroken  open,  and  Marcellus  entering,  fecured  podcfiion  of 
|Kpipola:;  before  any  efieclual  refiftance  could  be  attempted 
|by  Ej)icides.  Tyche  and  Neapolis  furrendered  at  difcreliou; 
j:he  fortrefs  of  Eurvalus  fpeedily  fubmiltcd ;  and  the  confal 
pifpofed  this  part  of  his  army  againll  Achradina,  in  three 
Places,  hoping  to  carry  it  by  attack,  •or  fubdue  it  by  famine. 

While  thefe  preparations  were  going  forward  on  the  part 
^f  the  Romans,  Iliniilco  and  Hippocrates  fuddenly  returned 
1.0  Syracufe,  and  encamped  on  the  great  harbour.  From 
.  pence  thev  attacked  Crifpinus  in  the  ancient  camp  of  ijic 
Romans,  while  Epicides,  in  concert,  fallicd  out  from  the  city 
lipon  tlie  pofts  of  Marcellus.  Neither  of  thefe  alTiiulfs  fuc- 
leeded.     Crifpinus  repul led  the  allies,  and  purfued  them  tri- 

uniphantly 


4^"  On  '7:<s  PeJIUcnthil  D'tfeafes  ivhich 

umphantly  to  their  ftatlon,  at  the  fame  time  that  MarcelluJ 
compelled  ?>pir:ides  to  take  refuge  \vithin  the  walls  of  Achra- 
dina.  After  this,  both  of  the  Roman  commanders  llrength- 
cned  their  encampments. 

Such  was  the  progrefs  and  ftate  of  the  war  when  a  pefti- 
lence,  common  to  both  armie:?,  appeared  both  in  the  camp 
of  the  allies  and  of  Crifpinus,   and  naturally  diverted  their 
attention  from  hoRile  operations:   for  the  autumnal  feafun, 
theiV  unhealthy  fituation,  and  the  heat,  (much  more  intole-' 
rablc  without  than  in  the  city,)  affefted  almoll  ever\'  perfon" 
in  either  camp.     At  firft-they  became  iiek,  and  died,  fmiply 
from  the  etfc(3;s  of  the  feafon  and  the  unhcalthineis  of  their 
fituation  :  afterwards,  favs  the  hiftorian,  the  care  and  contact 
of  the  fick  fpread  the  difeafe ;  fo  that  ihofc  who  were  attacked 
with  it  perilhcd,  neglected  atid  forfakcn,  or  their  attendants 
fell  victims  to  their  humanity.     Deaths  and  funerals  pafl'ed 
before  the  view  in  rapid  fucceflion,  and  day  and  night  re- 
foundcd  with  lamentations.     At  length  thefe  fecnes  of  cala-; 
mity  became  fo  familiar,   that  they  not  only  neither  wept, 
nor  lamented  the  dead,  but  even  ceafed  to  remove,  or  vet  to 
inter  them.     Their  lifelefs  bodies  lay  extended  in  heaps,  in 
the  very  fight  of  thofe  who  expetteJ  a  fimilartate;  while 
the  dead  infected  the  fiek,  and  the  lick  thofe  who  were  in 
health,  as  well  with  fear  as  with  the  corruption  and  peftife- 
rous  exhalations  from  the  bodies  :  fo  that,  impatient  of  life, 
and  defirous  rather  to  fall  by  the  fword,  fome  hngly  invaded 
the  ftations  of  the  enemy.     The  plague  raged  with  far  greater 
violence  in  the  Carthaginian  than  in  the  Roman  camp;  for 
the  Romans,  from  lone  refidence  in  the  vicinity  of  ."vracufc, 
had  become  accuftomed  to  the  air. and  water.     As  foon  a» 
the  Sicilian  auxiliaries  of  the  Carthao;inians  perceived  that 
the  difeale  fpread  from  the   infalubritv  of  the  plaice,    they  j 
betook  them felves  to  their  ncareft  cities;  but  the  Carthagi-  j 
nians,  admitted  into  no  eiiv,   together  with  their  generals,  I 
Himilco  and  Hippocrates,  totallv  perillied.     JMarcellu^,  ob- 
ferving  how  fait  the  dirordcr  increafed,   drew  the  rcmaindc 
of  his  troops  into  the  eitv,  where,  under  flielter,  anil  in  the 
Ihade  of  the  houfes,  they  regained  health  and  vigour,  not- 
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uuhftanding  nianv  of  the  Roman  army  were  curried  oft"  by 
.die  fame  pcltilcucc  *. 

•  Thus  the  Lvfiniiliau  marflies  triumphed  over  a  third  armv  ; 
and  a  number  not  Icfs  than  30,000  were  added  to  thofe  who 
had  fallen  of  the  foldier\- of  Nicias  and  of  Imileon.  The 
practical  confideratiozi  of  thefc  events  belongs  to  the  fuc- 
ceeding  Se6lion. 

Sect.  III. — The  fimplicity  and  uniformity  of  the  preced- 
ing (iatemcnts  and  narrative,  preclude  the  necellity  for  labo- 
-jious  inveftigution  and  argument.  The  deductions  to  be  made 
arc  unavoidablv  fimple  and  uniform  ;  but  their  force  and 
.tendency  may  be  more  diftinctly  perceived  from  a  methodi- 
cal arrangement. 

1.  Climate  and  feafon. — The  climate  of  Sicily  in  general, 
^nd  particularly  of  the  city  of  Syracufc,  is  remarkably  plea- 
fant  during  a  confiderable  part  of  the  year.  But  the  fummers 
are  exceffively  fultry;  and  this  heat,  operating  on  marfliy  fitu- 
ations  and  llao;nant  waters,  never  fails  to  ens-cnder  malio-- 
nant  fevers.     To  thefe  they  are  peculiarly  liable  in  the  fum- 

•mer  and  autumnal  months.  The  pcftilential  difeafos  which 
proved  fo  fatal  to  the  armies  of  Nicias  and  Imileon,  and  to 
thofe  of  the  Carthaginians  and  the  Romans,  occurred  either 
in  the  autumn  or  in  the  height  of  fummer ;  and,  in  every 
inftance,  in  the  immediate  vicinity  of  Syracufc. 

2.  Situation, — The  camp  of  Nicias  w  as  near  or  at  Plem- 
myrium  ;  of  Imileon,  at  Olympia;  of  Crifpinus,  at  Olympia 
alfo;  and  of  Himilco  and  Hippocrates,  at  the  head  of  the 
great  harbour.  The  whole  of  this  territory  is  a  vaft  marfli, 
but  partially  covered  with  water  even  in  fpring,  extremely 
offcnfive  in  fummer,  and  noted,  from  time  immemorial,  for 
its  infalubrity. 

3.  Condition  of  the  armies, — The  Athenian  army  was 
in  conftant  action,  and  conftantly  unfucccfsful.  The  aruiv 
of  Imileon  was  in  perpetual  movement,  but  fortunate,  and 
full  of  courage.  Tlie  adverfe  armies,  at  the  third  fiege,  were 
in  a  liate  of  inaction.     Thefe  are.  certainly  confiderable  dif- 
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ferences:  why  fiiould  they  not  mcxlify  the  event  ?  It  may  be 
doubted  whether  any  moral  caufe  would  be  fufficient  to  pro- 
tect, ior  a  lonuf  periodj  an  unaccuftomed  refident  in  a  marfiiy 
fituHtion  from  the  ufiial  confequences.  Fatigue  and  defpon- 
dencx'  are  certainly  favourable  to  the  accefs  of  difeafe ;  and 
inaftion,  parlicilarlv  in  camps,  is  generally  admitted  to  be 
fvarcely  lefs  fo.  7  he  uncommon  heat  of  the  vear  of  Imil- 
cou'b  irruption  into  Sicily,  may  be  a  fatisfaclory  explanation 
Tvhy  his  fuccefsful  troops  were  fo  readily  affected  by  the  un- 
wbolefomeuefs  of  his  camp. 

4.  Progrefs  of  the  difeafe. — The  fick,  in  the  army  of 
"Kicias,  were  not  numerous  atfirft,  but  the  number  gradually 
increHlVd.  This  is  attributed,  by  Plutarch,  to  contagion  ; 
but  Thucvdides,  a  cotemporarv  and  more  fagacious  hifto- 
riau,  cxprelfes  no  fuch  opinion,  nor  docs  it  feem  probable. 
The  growing  dcfperatioii  of  the  Athenian  affairs,  and  tht 
tendency  of  the  feafon  to  augment  the  extent  and  hcicrhten 
the  virulence  of  marfli  exhalations,  fujtficicntly  account  for 
the  increaling  predifpofition  to  fickncfs,  and  for  its  more  ge- 
neral prevalence  in  their  army. 

The  fame  reafoning  will  apply,  generally,  to  the  cafe  of 
Imilcon's  army  ;  but  there  were,  in  this  inftance,  additional 
cauies  for  the  production  of  fu:h  immenfc  mortality.  The 
commencement  of  this  pedilcnce  was  among  his  African 
auxiliaries.  The  clrcnmdanccs  of  their  imjirelfment  into  the 
fcrvice,  and  of  the  contempt  in  which  thev  were  held  by  the 
Carthaginians,  render  it  probable  that  lefs  care  was  taken  to 
accommodate  them  than  the  others.  Some  peculiar  habits 
of  body,  modes  of  life,  or  varieties  of  native  climate,  nnght 
jntluencc  this  event ;  or  they  mighJ  have  been  previously 
fubjeoled  to  greater  fatigue.  Be  this  as  it  may,  tlie  ficknefs 
foou  became  univerfal,  and  fo  mortal  that  the  dead  lay  un- 
buried.  In  a  fituation  like  this,  there  is  no  reafon  to  believe 
that  nnich  attention  was  at  any  time  paid  to  the  nereUary 
duties  of  clcanlinefs.  When  the  fick  could  find  no  attend- 
ants, and  the  dead  non^  io  inter  iIictm,  it  requires  but  little 
fasracity  to  infer  that  no  mean.>  were  ufed  for  the  removal  of 
excrementitious  matters.  And  as  a  kirH,e  proportion  of  this 
army  were  afiliclcd  with  dyiVulvry,  a!id  the  ni:riibi.*r  vi  pu- 
8  trefxi/Jg 


appeared  in  the  t^elghboUrhobd  of  Syracufe.  Q.^'J 

.trefying  carcafcs  muft  have  been  imtnenfo,  ami  as  the  limits 
r)f  the  caMip  were  not  very  extcniive,  and  thcv  were  now 
forcly  prefl'ed  by  a  vigorous  enemy,  incapable  themfelves  of. 
K'fiftance,  and  fuddcnly  precipitated  from  triumph  to  inevit- 
able defeat  and  fbame,  we  flial!  lind  no  dilficultv  in  afiigning 
caufes  fufficient  and  fatisfaclory  for  the  extraordinary  fatality 
of  this  peftilence. 

The  third  plague  commenced  at  the  fame  time  in  both  the 
Carthaginian  and  Roman  camps.  At  llrfl,  as  in  the  former 
inftance,  the  fick  were  attended  to;  but  the  number  fooa 
became  fo  great  as  to  render  (his  impofTiblc.  In  this  cafe^ 
as  in  the  other,  the  dead  were  left  uni)uried,  and  to  putrefy ; 
and  in  this  cafe,  as  in  that,  there  is  no  reafon  to  doubt  but 
that  the  caufes  and  fiitahty  of  the  difeafes  were  in  confe- 
quenee  exceedingly  augmented.  It  may  reafonably  be 
doubted,  however,  whether  the  hiftorian  is  accurate  in 
aipcribing  any  part  of  the  fpread  of  the  pelrilence  to  conta61 
tvf  the  fick.  The  belief  of  this  doftrine  has  been  of  long 
duration  and  extenfive  prevalence;  but  late  obfervations  do 
not  feem  to  countenance  its  validity.  To  eftablifli  it,  would 
inevitably  annihilate  a  diftin6lion  much  infifted  on  by  the 
'"  advocates  for  the  importation  of  peftilential  difeafes  into  the 
•United  States  ;  but  this  argument  is  not  wanted  for  that 
purpofe.  It  is  more  probable  that  the  peftilence,  in  this  in- 
ftance, as  in  that  preceding,  was  rendered  more  general  by 
the  increafing  quantity  and  concentration  of  marfli  effluvia ; 
t)y  the  cxcfementitious  matters  in  the  camps,  fuffered  to 
iilTimie,  unrcn)Oved,  a  putfefcent  aclion  ;  and  by  noxiou.-j 
Exhalations  from  putrefying  bodies.  There  are  no  fa6l5 
ti'hieh  authorile  the  opinion  that  a  fpecific  matter  emanates 
from  any  part  of  the  body^  during  peftilential  or  anv  other 
fevers  properly  fo  called,  capable  of  generating  a  ftmilar  or 
a  febrile  difeafb.  The  mod  that  v/e  may  venture  to  infer 
from  all  the  facts  known  to  us,  is,  that  the  perfplraldc  mat- 
tor,  like  any  other  animal  fubftance,  when  feparated  from, 
the  livirig  body,  or  deprived  of  life,  is  liable,  under  certain 
circumftanees  of  temperature  and  moifture,  to  undergo  a 
putrefactive  ft-rmentation,  or  to  go  through  fuch  changes  as 
fliall  adapt  it  for  the  pFodu6iion  of  febrile  difeafes-;  and  this. 
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as  well  when  fuffered  to  lie  on  the  (kin,  as  when  elfewhOrc, 
or  othervvife  clifpofcd  of.  With  thefe  limitations,  and  in 
this  view  of  the  queftion,  there  need  be  no  objeclion  to  the 
teltimony  of  Livy ;  nor  have  we  an\'  ground,  from  a  know- 
ledge of  the  fvmptoms  of  the  plague  he  defcribes,  to  oppofe 
or  fortify  his  narration. 

5.  Mortality  of  the  peftilence. — Of  the  mortality  of  the 
fickncfs  which  affected  the  army  under  Nicias,  we  only 
know  that  it  was  confiderable.  Our  knowledge  is  not  much 
more  delinite  refpccting  the  niunbcr  of  the  Carthaginians 
who  periihed  of  the  army  of  Imilcon.  I'here  is  reafon,  how- 
ever, to  believe  that  it  far  exceeded  that  of  the  Athenians, 
and  probably  it  was  not  lefs  than  ico,oco  men.  For  itmuft 
be  rccolleAed,  that  many  had  been  regularly  interred  in  the 
fiK't  of  the  plague,  and  that  all  the  fiek  and  wounded  were 
left  behind  when  their  general  inglorioufly  fled  from  Sicily. 
Nor  is  it  probable  that  a  number  greatly  exceeding  50,000 
fell  in  the  battle  which  preceded  his  flight.  In  the  laft  cafe, 
our  computation  may  be  nearer  the  truth.  The  army  with 
which  Himilco  invaded  Syracufe  amounted  to  28,000,  ex- 
chifive  of  his  Sicilian  auxiliaries,  and  of  the  troops  from  that 
city  which  joined  him  under  the  command  of  Hippocrates. 
The  defeat  of  this  laft,  by  Marcellus,  the  preceding  year; 
the  feceflion  of  the  Sicilians;  and  his  own  lolTes  in  the  va- 
rious actions  in  which  he  had  been  previoufly  engaged,  ^lad 
no  doubt  reduced  his  army  below  its  original  Itrength.  But, 
when  it  is  remembered  th:it  all  this  army  periflied,  and  that 
a  lefs,  but  ftill  a  great  number  of  the  Roman  army  alfo  were 
deftroved  by  the  plague,  there  is  reafon  to  eftimate  the  whole 
lofs  as  exceeding  30,000.  The  entire  number  of  men  fa- 
crificed  to  this  unhealthy  fltuation,  in  three  fuecefliive  periods, 
could  not  b;  lefs  than  150,000:  a  moft  melancholy  illuftra- 
tlon  of  the  influence  of  climate,  feafon,  and  foil,  on  the  health 
of  mankind ;  and  an  example  of  the  a^livity  of  local  caufes 
in  producing  difeafc,  compared  with  which,  all  the  yellow 
fevers  of  the  United  States,  whether  originating  here,  or  im- 
ported from  abroad,  fcarccly  defervc  to  be  remembered. 

6.    Symptoms   and  nature  of  the  pellilence.  —  On  this 

poijit  our  information  is  lefs  complete  than  on  any  other. 
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The  fickncfs  in  the  Athenian  artnv  is  fiinplv  called  a  fever, 
iaid  to  be  contagious  by  Plutarcii,  but  probably  not  lb.  Livy 
dcfcribes  no  fyniptoms  of  the  plague  recorded  by  him.  Dio- 
tlorus  Siculus  is  fomewhat  more  particular ;  but  only  fo  far 
as  to  mark  the  variety  of  form  in  which  the  foldicrs  of  Imil- 
con  were  attacked  by  the  difeafc.  In  fomc,  in  the  fhape  of 
enteritis,  or  inflammation  of  the  bowels ;  in  others,  of  dyfen- 
ter\-,  fometinies  invading  as  a  violent  fever,  with  acute  pains 
in  every  part  of  the  bodv,  and  fometimcs  with  madnefs  or 
delirium.  Yet,  even  thefc  fcanty  particulars  are  of  import- 
ance, as  they  ferve  to  identify  the  difeafe,  and  to  proclaim  its 
ftricl:  affinity  to  thofe  which  arc  the  common  offspring  of 
fuch  fituations  as  that  in  which  the  armv  were  encamped, 
and  thofe  which  have  fprcad  fo  much  apprchenfion,  and  ex- 
cited fo  much  difcuflion  in  our  own  country. 

7.  Ceflation  of  the  peftilence.  —  Another  circumflance 
which  chara6lerifes  the  difeafe  under  confideration,  is  the 
manner  in  which  it  was  extinguinied.  So  long  as  Nicias 
remained  in  his  camp,  he  faw  his  men  conftantlv  dying 
around  him  by  (icknefs.  His  removal,  notwith (landing'  the 
fubfequent  calamities  which  befel  him,  appears  to  have  tho- 
roughly delivered  his  army  from  fevers.  Ihe  furvivors  were 
employed  as  tlavcs  in  Syracufe;  which  could  fcarcelv  have 
happened  had  they  been  fick,  or  had  the  Syracufans  dreaded 
the  introdu6tion  of  a  contagious  difeafe  by  their  means. — 
Imilcon  preferved  the  refidue  of  his  army  only  by  flight :  there 
was  no  other  hope  for  their  fafety ;  and,  after  his  return  to 
Carthage,  he  exclaimed,  in  thebitterjiefs  of  l)is  grief,  that  the 
plague,  not  the  enemy,  had  conquered  him  !  But  neither 
then  nor  before  did  the  dry  and  airy  city  of  Syraeufe  fuffer 
from  any  ficknefs ;  nor  did  the  fear  of  contagion  prevent  the 
Svracufans  from  repeatedly  attacking  the  Athenian  and  Car- 
thaginian camps.  Their  minds  were  probably  unwarped  by 
the  bias  of  A'item  ;  and  thev  difcemcd,  in  thepofition  of  their 
enemies,  the  true  caufe  of  their  misfortunes. — The  fac^s  re- 
lated by  Livy  are  lingularly  precife  and  important.  In  the 
firll  place,  neither  the  citizens  of  Syraeufe,  nor  the  army  of 
Epicides,  which  had   poficllion  of  Ortygia  and  Achradina, 
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X\ov  that  part  of  the  Roman  army  which,  under  the  command 
of  Marcelkis,  was  ftationed  in  the  elevated  quarters  of  Tyche, 
NcapoUs,  and  Epipolaj,  were  \n  the  lealt  aflected  hy  the 
plague.  But  this  palamity  was  limited  to  the  Romans  under 
Cril'pinus,  in  the  ancient  camp  at  Olympia;  and  to  the  allies, 
who  ^^'ere  encamped  at  the  head  of  the  great  port.  Crifpinus 
and  his  troops,  who  had  lived  at  Olympia  a  confiderable  part 
of  the  two  preceding  years,  or  at  lead  had  remained  in  the 
vicinity  of  Syracufe,  and  had  become  in  a  degree  habitu- 
ated to  the  air  and  water,  fuffercd  lefs  feverely  than  their 
enemies ;  and,  when  the  fickncfs  became  general  umong 
them,  recruited,  and  ceafed  to  be  taken  fick,  in  conJequence 
pf  a  removal  to  the  high  grounds  of  the  city,  occupied  by 
their  countrymen.  Tiie  natives  of  the  idand,  feeing  the 
danger  to  which  they  were  expofcd,  took  rcflige  in  their  own 
cities,  and  efcaped  the  difeafe;  but  tlie  Carthaginians,  with- 
out any  place  of  refuge,  and  entirely  unaccudprned  to  their 
iituation,  totally  periflied. 

8.  On  the  whole,  then,  it  appears  that  the  mortality,  'n\ 
every  inftance,  occurring  in  the  armies  near  Syracufe,  orir- 
ginated  entirely  from  local  caufes :  that  there  is  no  reafon  to 
fufpect  that  this  mortality  was  heightened  by  contagion,  in 
the  nfual  acceptation  of  that  term  :  that  the  fymptoms,  fo  far 
(IS  we  have  any  account  of  them,  were  fimilar  to  thofe  which 
occur,  under  (imilar  circumftanccs,  in  the  Eaft  and  Weft 
Indies,  in  our  own  country,  and  in  every  part  of  the  world  : 
and  that,  as  no  difibrence  is  recorded  as  exifting  between  thcfe 
great  epidemics  or  endemics  before  arid  after  the  caufes  were 
jncreafcd  by  animal  putrefaction,  the  advocates  for  ihe  forcipn 
derivation  of  peftilential  difeafesmult  relinquiih  the  di(tinclion 
^jetween  fqvers  from  animal  and  vegetable  putrefaction  ;  or, 
if  they  maintain  the  contagious  quality  of  die  former,  mull 
admit,  on  equal  evidence,  the  fame  quality  as  charaClerifing 
the  hitter.  To  this  it  may  be  added,  that,  as  it  was  the  uni- 
verfal  practice  of  the  ancients  to  defignate  any  and  every 
wide-wafting  difeafe  by  the  name  of  plague,  without  any 
l^pecial  reference  to  its  peculiar  fymptoms,  {o  there  is  an 
equal  propriety  in  our  ^on,ferring  the  fame  appellation  on 
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our  dyfenterics  and  fevers;  nor  do  thefe  Iff-  defcrvc  the 
title  than  the  fevers  of  Smyrna,  Cairo,  and  Conllantinople, 
whieh  refenible  t!ieni  in  llieir  origin,  their  vuneties  of  pre- 
valence and  degree,  their  ap(>earance  and  dil.ippcarance,  and 
which  would,  in  all  probability,  yield  to  the  fame  regimen 
and  remedies. 


VIII.   Ohfcr-vafions  on  the  Art  of  Scoiveririg  different  Kinds 
of  Stvjf\     By  C  Chaptal". 
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HIS  art  fuppofes,  I  ft,  a  knowledge  of  the  different  fab- 
ftauccs  capable  of  llaining  any  kind  of  cloth ;  2d,  of  the 
Aibitances  to  whieh  recourfe  muft  be  had  in  order  to  make 
tiiofe  depofited  on  the  fluff  to  difappear ;  3d,  a  knowledge 
(,f  the  eflecls  produced  on  colours  by  thole  re-agents  which 
it  may  be  neeclfary  to  employ  to  deftroy  ilains  ;  4th,  a  know- 
ledge of  the  manner  in  which  tlie  cloth  is  afi'efted  hy  tb.ofe 
re-agents;  5th,  of  the  art  of  refloring  a  colour  changed  or 
faded. — Of  thofe  bodies  whieh  occalion  fpcts  on  different 
kinds  of  cloth,  fome  are  eafdy  djftinguiflied  by  their  appcar- 
;^nce,  fuch  as  greafy  fubftances  ;  but  others  have  more  com- 
plex effects,  fuch  as  acids,  alkalies,  perfpired  matter,  fruits, 
urine,  Sec.  Acids  redden  black,  fawn,  violet  and  puce- 
polour,  and  every  (liade  comuumicated  with  orchilla-weed, 
iron,  aftrlngeuts,  and  every  blue  except  indigo  and  pruffian 
blue.  They  render  the  vfllows  paler,  except  that  of  arnatto, 
which  they  change  into  orange. 

Alkalies  change  to  violqt  the  reds  produced  by  Brazil  wood, 
logwood,  and  cochineal.  They  render  the  greens  on  woollen 
cloth  yellov^  ill),  make  yellow  browni(h,  and  change  the  yel- 
low produced  by  arnatto  to  aurora.  Perfpired  matter  produces 
the  fame  eftecls  as  alkalies. 

Vv'hen  the  fpots  are  produced  by  fimple  bodies  on  ftuff?, 
it  is  eafy  to  remove  them  by  the  means  already  known. 
Greafy  fubftances  arc  removefJ  by  alkalies,  foaps,  the  volk  of 
'■  :gs,  tat  earths;  oxyds  of  iron,  by  the  nitric  and  oxalic  acids; 

ids  by  alkalies,  and  recipvocally.     Stains  of  fruit  on  white 

*  Ficm  the  BuHctin  cks  Sciences,  Vol.  II.  Nj.  4. 
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fluffs  may  be  removed  by  the  fulphurous  acitl,  and  ftill  better 
by  the  oxygenated  muriatic  acid.  But  Vw'hen  the  fpots  are  of 
a  complex  kind,  it  will  be  neccflarv  to  employ  feveral  means 
in  fucceiTlon.  Thus :  lo  deftroy  the  ftain  of  coom  from  car- 
riage-wheels, after  the  grcafe  has  been  dlffolved  the  oxyd  of 
iron  may  be  removed  by  the  oxalic  acid. 

As  colours  are  often  changed  by  re-agcnts,  it  will  be  ne- 
reflary,  in  order  to  reftore  them,  that  the  fcowerer  lliould 
poflefs  a  thorough  knowledge  of  the  art  of  dyeing,  and 
how  to  modify  the  means  according  to  circumftances.  This 
becomes  the  more  difficidt  when  it  is  necellary  to  re-produce 
a  colour  fimilar  to  that  of  the  reft  of  the  ftufi',  lo  apply  that 
colour  only  in  one  place,  and  often  to  reftore  the  mordant  by 
which  it  was  fixed,  and  which  has  been  deflroyed,  or  even 
the  firft  tint  which  gave  the  colour  its  intenfity.  It  may  be 
readily  conceived  that  the  means  to  be  employed  muft  depend 
on  the  nature  of  the  colour  and  the  ingredients  by  which  it 
was  produced  ;  for  it  is  know  n  that  the  fame  colour  may  be 
obtained  from  very  different  bodies.  Thus,  after  an  alkali  has 
been  employed  to  deftrov  an  acid  fpot  on  browns,  violets, 
blues,  poppies,  8cc.  the  yellow  fpot  which  remains  may  be 
made  to  difappear  by  a  folution  of  tin  ;  a  folution  of  fulphat 
of  iron  reftores  the  colour  to  brown  ftuffs  which  have  been 
galled  J  acids  reftore  to  their  former  fplendour  yellows  which 
have  been  rendered  dufky  or  brown  by  alkalies;  blacks  pro- 
duced by  logwood  become  red  by  acids ;  alkalies  change 
thefe  red  fpois  to  yellow,  and  a  little  of  the  aftringent  prin- 
ciple makes  them  again  become  black.  A  folution  of  one 
part  of  indigo  in  four  parts  of  fulphuric  acid,  diluted  with  ^ 
fufficient  tjuantity  of  water,  may  be  emriovcd  with  fuccefs  to 
revive  the  blue  colour  of  cotton  or  wool  which  has  bceq 
•hanged.  Scarlet  may  be  revived  by  means,  of  cochineal 
»nd  a  folution  of  the  muriat  of  tin,  8cc. 

The  choice  of  re-agcnts  is  not  a  matter  of  indifference. 
Vegetable  acids  are  preferable;  the  fulphurous  acid  however 
may  be  employed  for  ftains  occafioned  by  fruit  :  it  does  not 
change  the  i:)!ue  of  filk  nor  colours  produced  by  aftringents  : 
it  does  not  degrade  the  yellow  of  cotton.  Ammonia  fucceedS 
bcttey  than  fixed  alkalies  in  removing  foots  produced  by  acids. 

It 
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It  is  etnplovcd   in   vapour;  its  aclion  is  fpeedy,  and  feldoni 
ahtTS  the  colour. 

The  ineans  of  removing  greafy  fpots  are  well  known. 
This  efteCl  is  produced  by  alkalies,  fullers'  earth,  volatile  oils 
diflblved  in  alcohol,  a  heat  proper  for  volatilizing  grcaie.  Sec. 
Spots  occafioned  by  ink,  rull,  or  iron-mould  of  any  kind, 
and  all  thofe  produced  by  the  yellow  oxyd  of  iron,  arc  re- 
moved by  the  oxalic  acid  :  the  colour  may  be  reftorcd  by  al- 
kalies, or  a  folution  of  the  muriat  of  tin.  Thefe  fpots  may 
be  removed  alfo  by  the  oxvgenated  muriatic  acid,  when  they 
are  on  v^hitc  fluffs  or  paper. 

The  aftiou  of  alkalies,  and  that  of  perfpired  matter,  are 
the  fame  :  their  fpots  may  be  effaced  by  acids,  or  even  by  a 
weak  folution  of  the  muriat  oT  tin.  When  thefe  fpots  arife 
from  fcvcral  unknown  caufes,  in  order  to  dellroy  them  re- 
courfe  muft  be  had  to  /•'^/j-c/'nyZ  compofitions.  The  following 
may  be  confidercd  as  one  of  the  moll  efficacious.  Diffolve 
white  foap  in  alcohol,  and  mix  this  folution  with  the  yolks 
of  from  four  to  fix  eggs  :  add  gradually  effence  of  turpen- 
tine;  and  incorporste  with  the  whole  fome  fullers'  earth,  In 
fuch  a  manner  as  to  form  balls  of  a  fuitable,  confiftence. 
iMoiften  the  fpot;  and,  having  rubbed  it  with  thefe  balls, 
the  fpot  will  be  removed  by  wafliing  the  fluff.  All  fpots, 
except  iron-mould  and  ink,  may  be  removed  in  this  manner. 

Wafliing  dcftroys  the  luftre,  and  leaves  a  tarnifbed  place 
difagreeable  to  the  eye ;  but  the  luftre  may  be  reftored  by 
drawing  over  the  waflicd  place,  and  in  the  direction  of  the 
pile,  a  brudi  moiftened  in  water  impregnated  with  a  little 
gum.  You  may  tlicn  apply  a  flieet  of  paper,  or  a  piece  of 
cloth,  and  a  confiderable  weight,  under  which  the  cloth  muft 
be  left  to  drv. 
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IX.  "Drfcrlption  of  fame  Impro'vements  invented  hy  Mt.  J  A  Kf  ES 
Burns,  of  Glafgow,   applicable  to  Fire-Gratcs,  Stoves^  - 
&c.   by  tuhich  Rooms  and  Halls  of  every  Defcription  may 
be  heated  more  fpeedily  ayid  cff'cBudily^  and  tvith  afmallef 
Wafe  of  Fuel ,  than  by  th^  Methods  now  in  Uj'e*. 
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HE  principal  merit  of  Mr.  Biirns's  Improvements,  ami 
it  is  not  a  trivial  one,  confifts  in  his  contriving  to  maintain 
the  combuO.ion  of  the  fuel  in  ope7i  (loves  or  grates,  -without 
employing  for  that  purpofe  the  air  of  the  room  in  which  they 
are  placed.  The  heat  liberated  and  thrown  out  into  the 
apartment  is  thus  prevented  from  being  unneceffarily  wafted 
and  hurried  up  the  chimney,  as  is  unavoidably  the  cafe  in 
the  ufual  metliod,  where  the  combuftion  is  maintained  by 
air  from  the  apartment,  the  wafte  of  which  is  fupplied  by 
exterior  cold  air  that  comes  pouring  in  at  the  bottom  of  the 
doors  and  the  fides  of  the  windows,  thereby  undoing  a  great 
part  of  the  effecSl  produced  by  the  fire. 

To  prevent  this  wafte,  the  air  that  maintains  the  fire  in 
Mr.  Burns's  grates,  or  in  others  to  which  his  improvements 
are  applied,  fliould  be  brought  through  a  tube  from  the  out- 
fide  of  the  houfe  t*  or  be  made  to  pafs  from  the  outfide  of 
the  houfe,  between  two  of  the  joifis,  where  the  floors  and 
ceilings  are  found  enough  to  allow-  this,  fo  as  to  be  brought 
to  the  bottom  bars  of  the  grate,  without  having  atiy  comnm- 
nlcation  with  the  interior  air  of  the  room,  while  at  the  fnme. 
time  the  grates,  and  parts  connected  v.ith  theui,  fliould  be 
fo  conftructed,  that,  when  the  fire  is  not  wiftied  to  be  fup- 
plied with  cold  air  from  the  outfide  of  the  houfe,  the  jxiflage 
may  be  fliut,  more  or  lefs  perfeclly,  by  means  of  a  valve,  a 
fmall  door,  a  cock,  or  any  fimilar  contrivance.  When  con- 
venience does  not  admit  of  the  air-tube  being  carried  to  the 

*  Mr.  Bums  lias  latelv  obtained  a  patent  for  thefe  improvements. 

+  The  fame  principle  h-<id  been  Uready  fuccef^fuiiy  applied  to  riofr  fur- 
naces :  Mr-  Howard's,  of  which  we  gave  an  accoi  t  in  our  bft  Number, 
furnilljrs  an  example.  But  its  application  to  common  open  nres  is  a  new 
idea,  and  will  piobal'ly  produce  an  «ntire  rcvcluuon  in  the  co.nftni6lioii  of 
grates  for  common  ufe. 
.      .  -  cut  fide 
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tjutfule  of  the  huufc,  if  carried  to  a  cellar,  larder,  ttair-cafe, 
<>r  any  luniber-rooni,  the  fiinie  end  will  he  gained  ;  w  ith  this 
fiiTther  advantage,  that  fuch  cellar,  larder,  &c.  will  thereby 
be  well  ventilated,  and  prevented  from  aeqiiiriiiL^  or  retaining 
any  unhealthy  or  difagreeable  fmells. 

The  form  of  the  grates  may  be  varied  indefinitely  ;  but  the 
one  we  are  about  to  defcribe  anfwers  the  purpofe  fo  well,  and 
is  at  the  fame  time  capable  of  being  made,  by  the  aid  of  a 
good  arehite^^^,  fo  highly  ornamental  to  any  apartment,  that 
our  readers  will  fully  comprehend  the  facility  with  which  it 
may  be  accommodated  to  circumftances. 

Fig.  I,  (fee  Plate \"  &c  VI.)  reprefents  a  grate  of  the  improved 
conftruttion,  and  Fig.  2  is  a  fe<>};ion  of  it.  The  air  that  main- 
tains the  combultion  is  fupplied  through  the  pipe  or  tube  A, 
(Fig.  2  and  Fig.  4,)  or  from  between  the  under-ceiling  and 
floor  as  before-mentioned,  from  which  it  palfes  up  bv  the 
back  or  fide  of  a  drawer  B,  Fig.  2,  according  as  it  is  moft 
convenient  to  bring  it  up  by  the  one  or  the  other ;  the  back 
however  is  preferred,  where  convenience  admits  of  it.  The 
front  of  this  drawer,  in  its  place,  is  fecn  in  Fi'j;.  i,  at  C. 
The  intention  of  this  drawer  is  to  receive  the  afhes  that  fall 
from  the  bottom  bars  of  the  grate,  feclions  of  wjii(.h  are 
reprcfented  at  DD,  Fig.  2.  The  aflies,  as  they  lall  from 
the  bars,  ftrike  aaainll  the  fides  of  the  internal  cavity  E, 
and  then  arc  carried  by  their  own  gravitv  through  the  narrow 
part  F,  and  fail  into  the  drawer.  This  part  of  the  con- 
flru6t:ion  mav  be  ealilv  underftood  by  conceiving  it  to  be  an 
hollow  vafe,  as  it  actually  is,  with  a  drawer  in  its  pedefial 
or  bafement,  and  having  a  grate  over  it,  on  which  the  fire 
refts.  The  valve,  door,  cock,  or  other  contrivance  by 
which  the  external  air  is  admitted  or  excluded,  mav  be 
either  in  the  neck  F  of  the  vafe,  or  in  the  air-tube,  or  in 
the  drawer  B  or  C,  or,  which  is  preferable,  in  the  cavity 
behind  the  drawer,  the  pedcftal  or  bafement  of  the  vafe 
being  made  large  enough  t;>  admit  of  fuch  cavily.  ^'arious 
conftructions  niiv  be  relbrted  to;  but  that  reprcfented  in 
Fig.  3,  (whieli  is  a  grouiul-plan  of  a  ]iP)|icr  eldmney  for 
fuch  a  grate,  and  in  which  a  bird's-e\e  view  of  one  half  of 
t!ie  eratc  may  befeen  in  its  place,  wliile  the  other  half  repre- 
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fents  an  liorizonlal  fecllon  of  the  bafement  or  pedcfta!, 
which  is  fuppofed  to  be  open,  fiicwrng  the  drawer  in  its  place, 
with  the  cavity  behind  it,)  will  be  found  to  anfwcr  every  pur- 
pofe.  The  cavity  G  is  feparated  from  the  place  in  which 
the  drawer  is  put,  by  a  partition  (beft  made  of  plate  or  caft- 
iron)  pafling  from  H  to  H,  in  which  there  is  an  opening  I, 
with  a  cover  K.  To  the  cover  K  is  attached  a  fmall  bar  L, 
worked  by  another  fliorter  bar  M,  to  which  it  is  attached 
by  any  fimple  joint.  The  bar  M  is  faflened  into  an  upright 
pivot,  the  top  of  which  conies  up  throuq;h  the  pedellal  at 
one  of  its  corners  or  any  other  convenient  fpot,  and  is  fur- 
niflied  with  a  button  to  be  laid  bold  of  by  the  finger  and 
thumb,  or  with  a  top  fitted  to  a  key,  by  the  tuHiing  of  which 
the  cover  K  is  made  to  (hut  or  open  ihc  aperture  I,  and  con- 
fcquently  to  prevent  or  facilitate  the  paffage  of  the  air  from 
the  hole  at  G,  which  -reprefents  the  internal  mouth  of  the 
air-tube,  the  other  end  of  which  is  on  the  outfidc  of  the 
houfe,  or  in  any  cellar  or  other  apartment,  as  before  de- 
fcribedr  When  the  air  has  paiTed  through  the  aperture  I, 
it  finds  no  dif^culty  in  pafxing  on  to  the  bottom  of  the  grate, 
that  back  or  fide  of  the  drawer  next  which  the  aperture  is 
beino-  made  low  to  allow  it  to  f!ow  in  freclv. 

The  grates  are  recommended  to  be  made  of  a  circular  or 
elliptical  form,  as  being  moft  convenient,  where  the  fence  or 
fcreen,  to  be  tmn:icdiately  defcribed,  is  wifhed  to  be  applied 
along  w  ith  Mr.  Burns's  other  improvements.  The  fence  is 
intended  to  prevent  thofe  dreadful  accidents,  which  too  fre- 
quently occur,  of  women's  and  children's  clothes  being  fet 
on  fire  by  fparks  from  the  grate.  When  it  is  wifhed  to  be 
adopted,  the  infide  of  the  chinmey,  where  the  grate  is  to 
ftand,  had  beft  be  a  fcmi-cylinder,  or  nearly  fo,  (as  repre- 
fentcd  in  Fig.  3,)  with  a  lining  or  cover  aaa,  beft  made 
of  metal,  at  fuch  a  diftanco  from  the  femi-cylindrical  wall, 
NNNN,  as  to  give  fufficicnt  room  for  allowing  the  fafe- 
guard  or  fence  to  be  llid  round  into  it  when  tlie  (ire  is 
wiflicd  to  be  left  open,  when  frefli  fuel  is  to  be  added,  or 
when  the  drawer  with  tlic  allies  is  to  be  removed. 

The  fence  is  a  frame-work  of  metal,  which,  when  filled 
up  with  glafo  ox  with  wire- work,  forms  a  portion  of  a  cylin- 
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Uer  anfwcrable  to  the  curvature  of  tbiC  fpacc  holnecn  the 
back  of  the  chininev  and  the  hning  above- uicntioiK-d,  made 
in  one  or  more  pieces,  aiui  moving  in  a  circular  groove, 
bbb,  in  or  upon  the  hearth,  wliich  fervcs  to  conduit  it  iuto 
its  place  behind  the  grate,  when  the  fire-place  is  widied  to 
be  left  open,  as  before  mentioned.  The  lop  cf  the  front  of 
the  opening  of  the  chimney  O,  Fig.  4,  projects  in  a  cir- 
cular form,  or  is  furnifhed  with  an  added  projecVion,  made 
of  metal,  marble,  or  any  other  fit  material  ;  bMt  in  either 
cafe  the  projection  is  furnilhed  v.ith  a  circular  groove  011  its 
under  furface,  of  the  fame  radius  with  the  one  in,  or  j^lanted 
on  the  hearth,  for  tlic  purpole  of  receiving  the  upper  part 
of  the  frame-work  of  the  fence  or  fafcguard,  which  frame- 
work may  be  filled  up  with  glafs,  either  plain  or  bent,  and 
cither  colourlefs  or  coloured,  or  fiained  or  painted  with 
figures  or  dciigns  of  any  kind.  By  this  njeans  complete 
fafety  is  obtained  againft  anv  fueh  accidents  as  have  been 
alluded  to,  while  at  the  fame  time  the  comfort  arifinc-  fVoni 
the  view  of  a  cheerful  fire  is  not  prevented  by  the  interpofi- 
tion  of  any  opake  body  ;  but  for  nurfcrfes  or  the  like,  where 
convenience  and  fafety  is  more  the  ol)icc.l  than  elegance  or 
luxury,  the  frame-uork  may  be  filled  up  with  wire-work. 
The  fence  may  be  feen  in  its  place  at  V. 

Where  either  the  glafs  or  the  wire-work  fence,  or  both  of 
them,  are  meant  to  be  applied  to  fquare  or  re6langular  chim- 
neys, without  the  trouble  of  giving  them  the  femi-evlindrical 
form,  the  lining  to  receive  the  fence  or  fences  may  be  intro- 
duced at  the  fides  or  jambs  of  fuch  chimneys  ;  or  the  fence 
may  be  made  to  rife  by  means  of  pulleys  into  the  wall  above 
the  opening,  or  Aide  fjdeways  into  the  walls  at  the  fides  of  the 
opening. 

Thefe  improvements  mavbe  introduced  together  or  finsily, 
and  may  be  applied  to  marjy  of  the  grates  now  jn  common 
ufe. 

Befides  the  advantages  already  pointed  out  as  conneoicd 
with  them,  they  potlefs  alfo  the  foUowmg.— Any  room  or 
apartment  may  be  heated  by  their  means  with  a  much 
fm^ller  quantity  of  fuel  than  by  any  other  method  yet  irj 
ufe  :  at  ihc  fame  time  the  advantage  of  fecipg  the  fire  is  not 
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loft,  as  in  clofc  ftoves ;  for  thcfc  grates  have  fide  as  well  as 
bottom  bars,  which  allow  the  radiant  heat  and  light  to  be 
thrown  out  into  the  room  without  any  impediment:  and  in 
fa6l  large  rooms,  halls,  and  the  like,  which  by  the  ufual  me- 
thods can  hardly  be  warmed,  or  made  at  all  comfortable  in 
cold  weather,  may,  by  means  of  thefe  improvements,  be 
heated  as  effe6lually  as  the  fmallcft  apartment ;  for,  when 
their  full  effeft  is  wanted  to  be  produced,  it  is  only  neeeflary 
to  keep  the  fence  in  its  recefs,  that  even  that  portion  of  heat, 
which  would  be  kept  back  by  the  intcrpofcd  glnfs  or  wire- 
work,  may  be  thrown  out  into  the  room,  and  perform  its 
oflke.  They  are  alfo  an  effectual  cure  f()r  fmoky  ehinmeys, 
which  not  only  caufe  great  wafte  and  deftrucVion  of  good 
furniture,  but  many  difeafes  to  the  inhabitants  of  houfes 
plagued  with  that  evil.  They  caufe  a  clean  fire-fide  to  be 
cafily  commanded  at  all  times,  as  hardly  anv  of  the  duft  or 
aflics  fall  through  the  fide  bars,  almofi  the  whole  pafling 
through  tlie  bottom  bars  down  into  the  drawer;  and  yny 
fire  lighted  in  fuch  improved  grates  burns  up  and  becomes 
lively  in  a  few  minutes,  without  the  aid  of  bellows,  and  that 
watchful  care  which  common  grates  or  ftoves  require. 


X.    On  the  Chcm'tcal  A£tkn  of  d-ijfcrent  JMetals  on  each  other 
at  the  common  Temper  dure  of  the  Atmofphere.    Hy  C.  Fab- 
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HAT  particular  fcnfation,  firfi:  made  known  hv  Sultzcr, 
which  is  felt  on  the  tongue  on  bringing  two  metals  into  mu- 
tual contact,  and  which  would  have  excited  none  ii'  iliev 
bad  been  applied  fej)aratelv  to  that  organ,  has  been  ranked 
among  the  galvanic  phenomena.  C.Fabbrmii,  however,  iu- 
ftead  of  aferibing  tlieie  efiects  to  an  ogent  almofi  unknown, 
fuch  as  the  cle6tric  fire,  is  of  opinion  that  it  depends  on  a 
(•hen)ical  operation,  perhaps  as  the  fcnfation  of  tafte  iti'eif. 
Ke  has  endeavoured  to  prove  the  tru'ih  of  this  opinion  bv  a 
number  of  obfervations  and  experiments. 

'■'•   From  BuHa'fii  d-.i  Sciences,  ^'ol.  II.  No.  5. 
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He  liail  remarked  tliat  feveral  metals,  l\ieh  as  mercury, 
tin,  lead,  retained  their  metallic  brilliancv  as  long  as  tb.ey 
were  |nire,  while  eompounds  of  them  became  foou  tarnifhed 
and  oxvdated  ;  that  the  mere  contac^t  of  two  different  metals 
feemed  to  halten  their  oxvdalion;  and  that,  in  this  niamicr, 
the  mixture  employed  for  foldering  the  plates  of  copper 
which  cover  the  oljfervaiory  of  ['"lorL-nce,  had  hern  fpeechiy 
changed  into  a  white  oxvdc  at  the  outer  edge  of  its  contact 
with  the  copper,  8cc.  He  thinks  that,  in  this  cafe,  the  metals 
have  a  reciprocal  ac^tion  on  each  other;  and  that  this  aftion, 
more  etFicaeious  and  more  fenfihle  when  the  attrat^lion  of  ag- 
gregation of  the  metals  is  deUroved  hy  fuiion,  exifts  no  lefs 
l)Ct\\een  folid  metals  when  thev  touch  each  other. 

If  the  eflects,  as  rapid  as  thofe  of  lightning,  oceafioned  on 
the  ton2:nc  bv  two  metals  brought  into  contaft,  have  been 
bv  fome  afcril)ed  to  a  peculiar  fluid  not  oalvanic,  or  to  the 
clech-ic  fluid,  it  is  becaufe  thev  did  not  reeolleft  that  che- 
mical aoHon  is  exereifed  l)et\\  ecn  two  bodies  with  the  utmoft 
rapidity.  The  fi<ins  of  elecir!cil\-  which  have  been  fonietimcs 
obfer\ed  on  feparalinir  two  metals  in  contact,  are  rather  the 
conlcquences  than  the  caufe  of  tluU  aetion  ;  for  it  is  known 
that  the  greater  part  of  ehemieal  operations  change  the  elec- 
tric equilibrium  of  bodies,  and  muft  confequently  give  birth 
to  electrical  phenomena.  Without  totally  excluding  elec- 
tricity, therefore,  from  all  galvanic  fafts,  C.  Fabbroni  thinks 
that  this  fluid  has  fome  (hare  in  the  fenlation  experienced 
by  the  tonouc  from  two  metals  in  contact.  This  aetion  of 
metals  in  contael  is  proved  bv  the  following  experiment: — 

C.  Fabbroni  put  into  two  glaii'es  filled  with  water,  pieces 
of  diflereut  metals,  one  in  each  glafs.  In  other  glafles  he  put 
two  pieces  of  diflerenl  melals,  but  kept  them  from  touching 
bv  interpoflng  a  plate  of  glafs.  In  a  third  feries  of  glafles  he 
alio  put  two  pieces  of  ditferent  metals,  but  in  contact.  In 
the  metals  of  the  two  firft  feries  he  obferved  no  change,  while 
the  molt  oxvdable  metals  of  the  third  feries  were  covered  with 
an  oxvde,  which  confiderabiy  inereafed  in  the  courfe  of  a  few 
days,  and  the  metallic  pieces  even  contracted  a  Itrong  ad- 
herence. The  (jnantity  of  the  calorie  which  dlfengages  iti''elt 
in  tliefc  combultions  is  too  fmall  to  be  ineafured,  yet  the 

light 
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light  which  emanates  from  it  may  be  feen,  if  the  e^-e  itftlf 
forms  a  part  of  the  experiment,  by  holding  a  piece  of  fih'er 
in  the  mouth,  and  applying  a  bit  of  tin  to  the  ball  of  the  eye. 
After  thefc  two  metals  are  made  to  communicate,  you  fee  a 
feeble  but  diftinft  hght,  which  difappears  at  the  end  of  a 
few  feconds,  becaufe  the  eye  becomes  accuftomed  to  this 
feeble  fenfation  ;  but  it  may  be  renewed  by  drawing  the- 
metal  over  the  opake  cornea,  and  then  over  the  tranfparent. 
The  author  afcribes  to  a  convulfive  fenfation  that  kind  of 
fla(h  which  fome  perfons  think  they  perceive  *  at  the  mo- 
ment of  the  conta(Sl  of  tliefe  metals,  applied  one  on  the 
tongue,  and  the  other  under  it. 

To  make  the  oxydation  of  the  two  metals  take  place  under 
water,  the  prefence  of  air  is  alfo  ncceifary.  C.  Fabbroni  thinks 
that  air  is  ufeful  in  this  circumftance,  to  add  to  the  water  a 
fufficient  quantity  of  oxygen  to  be  taken  up  by  the  metal,  as 
filvcr  is  added  to  gold  in  order  to  perform  the  operation  of 
quartation.  If  a  piece  of  iilver  and  a  piece  of  tin  be  put  in 
contact  in  water,  inclofed  in  a  flalk  of  flint-glafs  hermeti- 
cally fealed,  the  tin  is  oxydated ;  but  the  oxvdc  of  the  lead  of 
the  fiint-glafs  is  decompofed,  and  the  glafs  becomes  black. 
Pliilofophers,  who  afcribe  thefe  phenomena  to  eleclricitv, 
;bring,  as  a  proof  of  their  opinion,  that  they  take  place  when 
the  metals  are  connected  even  by  means  of  a  pretty  long 
chiiin.  C.  Fabbroni  has  determined  the  length  of  this  chain 
at  about  18  or  20  feet.  Beyond  that  diftance  thefe  pheno- 
mena are  no  longer  fenfible ;  while,  on  the  other  hand,  the 
cleclric  fiuid  is  communicated  to  indefinite  diflances. 

If  the  phenomena  of  the  experiment  of  Sultzer  belonged 
really  to  ele6lricitv,  they  ought  to  take  place  vvith  all  metals,  \\ 
whatever  may  be  the  relation  of  thefe  metals  to  each  other.. 
C.  Fabbroni  mentions  a  great  number  of  thele  combinations 
which  produced  no  effects ;  and  other  combinations,  of  the  v*  | 
fame  metals,  which  produced  fenfiitions  very  diftinct.    Thus, 
if  filver  be  placed  on  the  eye,  and  gold  on  the  tongue,  making  ', 
them  communicate  by  means  of  copper,  the  fenfation  is  al-  i 
nioft  nothing;  but  it  becomes  very  evident  if  the  iron  touches  » 

-  The  pi'i-reption  is  as  r«al  as  that  iiiduccd  by  drawing  the  metal  over 
the  cornea  of  the  eye.     Edit. 
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itii?  eye,  and  the  filvcr  the  tongue,  the  communication  being 
eflabhnicd  ns  before  with  copper*. 

In  rcg.u'd  to  the  hydrogen  of  the  dccompofcd  water,  the 
author  thinks  tliat  it  may  alfo  be  abforbed  by  the  metal :  he 
evcn-conlidcr?  as  an  hvdro-oxvde  of  tin,the  o6laedral  cryftals 
which  he  remarked  on  the  furfitces  of  the  pieces  of  tin  em- 
ployed in  ihefe  experiments. — It  is  clearly  feen,  fays  C.  Fab- 
Broni,  bv  the  refults  wliich  I  obtained  from  the  fimplc  con- 
'ta6l  of  two  metals  in  water,  that  is  to  fay,  by  the  oxydc  and 
faline  cryftals,  that  a  chemical  operation,  takes  place,  and  that 
to  it  we  ought  to  alcrlbe  the  fenfations  experienced  on  the 
tongue  and  by  the  eve.  It  appears  to  me,  then,  probable, 
that  it  is  to  thele  new  compounds,  or  their  elements,  that  we 
arc  indebted  for  that  mvflerious  fvimulus  which  produces  the 
convulfive  movements  of  the  animal  fibre  in  a  great  part  at 
loaft  of  the  galvanic  phenomena. 


XI.  On  the  Art  of  Hardening  Copper.     By  P.  I.  Hjelm  f, 

V->OPPER,  in  its  pure  and  perfe6l  flate.  Is  exceedingly 
foft  and  malleable  :  its  toughnefs  is  then  fo  great,  that  it  is 
exceeded  only  by  gold  and  iron.  When  copper  is  hammered 
a  long  time  cold,  and  ftill  more  when  rolled,  it  is  found,  as 
is  well  known,  fomewhat  harder  than  before,  but  it  does  not 
thereby  acquire  that  ftrength  which  deferves  the  name  of 
hardening-,  or  which  enables  it  to  makefufficient  refiftance  to 
ftrong  imprciTions.  By  being  brought  to  a  bright-red  heat 
in  the  fire,  and  fuddenlv  quenched  in  water,  copper  obtains 
no  perceptible  addition  to  its  hardnefs ;  but,  on  the  contrary, 
becomes  more  pliable,  and  confequently  fofter  than  before. 
If  the  coj'per  is  kept  a  long  time  in  fufion,  or  often  fufcd  in 
a  fi;rong  boat,  without  any  covering  of  flux  or  charcoal  pow- 
der, it  becomes  brittle  and  unmalk'ablc,  and  confequently 

*  This  is  no  conc'uifive  argument  againft  the  effcft  being  electrical! 
it  is  taking  for  granted  that  t';;e  laws  and  properties  of  the  elcftric  f.uid 
hasc  ij// Dcen  afcertained.     Eoir. 

t  From  TjtWj'.idion'i  of  the  Royai  Academy  of  Sciences  ai  Stockholm  for 
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harder:  l)ul  lliefe  ])ropcrlics  arc  foon  loft  when  tlic  copper  is 
melted  in  conUicl  with  carbonaceous  matter.  If  melted  cop- 
per be  poured  into  water,  as  is  done  in  the  ojicration  of  gra- 
nulating or  corning,  it  docs  not  appear  that,  it  acquires  any 
perceptible  degree  of  hardnefs,  or  fuch  as  can  be  compared 
to  that  which  is  connnunicated  to  ftccl  by  the  fame  means. 
.  Confidering  all  thdc  circuniftanees,  which  have  been  con- 
firmed by  experience,  it  could  not  i)ut  excite  attention  to 
find,  by  the  moft  undoubted  tcfliniony,  that  the, ancients 
actually  poiTcflTed  the  art  of  hardening  copper,  wliich  they 
employed  for  inlirunients  of  all  kinds  ;  fuch  as  daggers, 
fwords,  bows,  {liields,  javelins,  8cc.  Though  ancient  au- 
thors oftcnaiientton  thefe  weapons,  none  of  them  have  given 
us  any  account  of  the  method  of  hardening  the  copper.  Ihis 
deficiency  fomc  have  attempted  to  fupply  by  conje£lures, 
which  have  given  rife  to  a  \anetv  of  experiments,  but  not 
one  of  them  was  ever  attended  with  fuccefs.  As  it  was 
imagined  that  in  hardening  copper  it  would  be  ncccflary  to 
follo\y  the  fame  procefs  as  tliat  employed  for  ftccliiving 
iron,  moft  of  their  rcfcarches  have  been  directed  to  a  limilar 
method  ;  and  for  that  purpofe  they  have  not  only,  prefcribed, 
for  the  hardening  of  copper,  fuch  procefTes  as  are  employed  for 
hardening;  iron  when  it  is  to  be  converted  into  fteel,  but  even 
the  moft  abfurd  methods  founded  upon  thefe  proceifes.  Thefe 
refearches,  however,  inftead  of  anfwering  the  intended  pur-, 
pofe,  only  tend  to  (liew  the  ignorance  of  thofe  who  think 
they  find  in  the  grcatcfl  abfurdity  the  mod  important  fecrets, 
and  to  involve  vis  in  ftill  lyeater  darknefs. 

The  art  of  hardening  copper  has  therefore  of  late  been 
confidered  as  one  of  thofe  known  to  the  ancients,  which  were 
afterwards  loft;  and  it  would  no  doubt  have  ftill  remained  in 
-that  ftate,  had  not  fevcral  of  thefe  monuments  of  our  ancef- 
tors  been  brouglit  to  light  by  fome  fortunate  accidents,  and 
the  refpeft  for  their  great  antiquity  been  overcome  by  a  dcHre 
for  becoming  acquainted  with  their  compofition.  \\'hcn 
this  method,  the  only  certain  and  decifive  one,  .was  once 
chofen,  it  was  no  great  difiiculty  to  difcover  that  the  whole 
art  did  not  depend  on  any  procefs  like  that  employed  in  re- 
gard to  iron,  but  on  the  addition  of  a  certain  quantity  of  '\ 
7  fome 
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Urnic  other  metal  melted  with  the  copper,  by  whlcli  it  was 
rendered  harder  than  before. 

The  abbe  Mongez  firft  wrote  a  treatlfe  on  the  metallic 
compofition  of  the  ancient  bells,  which  he  tranfmitted  to  the 
Academv  of  Infcriptlons;.  Me  found  that  this  compofitiori 
was  in  gelieral  ncarlv  the  fame  as  that  iUll  ufed  for  bell-me- 
tal, that  is,  copper  and  tin.  M.  Mongez  afterwards  tranf- 
mitted to  M,  Dize  the  point  of  an  ancient  copper  dagger, 
the  appearance  of  which  on  the  frafture  fufficiently  (hewed 
that  it  had  been  fufed  and  call.  When  dilTolved  in  pure  ni- 
trous acid,  there  remained  a  white  powder,  found  to  contain 
tin,  and  that  which  had  been  diifolved  was  merely  copper. 
It  evidently  appeared,  therefore,  that  the  fuppofed  art  of  the 
ancients  for  hardening  copper,  was  nothing  elfe  than  fufing 
it  with  a  certain  quantity  of  tin.  This  was  ftill  farther  con- 
firmed when  M.  Dize  found  the  fame  component  parts  in 
fome  Greek,  Roman,  and  Gallic  coins,  which  he  obtained 
on  the  fame  occafion  for  the  purpofe  of  examination.  The 
tin  in  them  formed  about  twenty- four  parts  in  a  hundred  of 
the. mixture. 

•  In  lupport  of  this  opinion,  refpefting  the  art  of  hardening 
copper  among  the  ancients,  I  have  the  honour  of  layino-  be- 
fore the  Academy  fome  experiments  lately  made  on  this  fub- 
jeft. — Laft  fummer,  Profelfor  A.  I.  Retzius,  of  Lund,  tranf- 
mitted to  me  a  part  of  the  blade  of  a  two-edged  dagger, 
which,  together  with  fome  ftone-cutters'  chiflels,  were  found 
in  a  hill  of  earth  on  the  low  lands  of  Scandinavia,  where 
whole  fwords  of  ancient  workmanlhip  have  often  been  found. 
This  fragment,  on  the  outfide,  had  rather  a  vellowiih  appear- 
ance like  brafs,  than  the  red  colour  of  copper ;  the  edtre  was 
exceedingly  thick,  and  roundifli ;  the  frafture  feemed  alfo 
granulated,  which  evidently  (hewed  that  the  work  had  beeft 
caft.  When  tried  by  the  file,  it  was  not  Ojuite  fo  hard  as  the 
common  bell-metal,  but  fomewhat  harder  than  common 
gun-metal.  The  newiy-filed  furface  had  a  reddifti-yellow 
appearance,  but  foon  became  yellower.  When  melted  by 
the  blow-pipe,  this  compound  metal  exhibited  no  traces  of 
zinc  ;  but  it  might  be  readily  fecn,  by  its  appearance,  that  the 
greater  part  of  the  mixture  was  copper.     The  filings  were 
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not  in  the  leafl:  attra6lcd  by  the  magnet,  which  clearlv  proved 
that  there  was  no  iron  in  the  conipolltion.  It  exhibited  as 
httlc  traces  of  any  oilier  metals,  as  far  as  could  be  judged 
from  the  arcendiug  vaiiour.  In  order  to  afccrtain  with  what 
inetal  the  c(jpper  had  been  mixed,  twenty-five  aflavcr's 
pounds  of  the  purcft  filings  of  the  above  fragment  were  col- 
Icdled ;  pure  nitrous  acid  was  heated  in  a  glafs  retort,  and 
diluted  with  diftilled  water ;  and  a  few  of  the  filinofs  were 
throw  n  into  it :  when  the  lirft  quantity  was  dilfolved,  a  few 
OJore  were  ndded,  and  this  was  continued  till  the  whole  quan- 
tity was  put  in.  The  folution  was  made  to  boil  for  a  cjuarter 
of  an  liour,  and  then  diluted  with  a  little  more  didilled  wa- 
ter, in  order  that  a  white  powder,  which  remained  undiflblv- 
ed,  and  which  1  fufpected  to  be  calx  of  tin,  might  more  rea- 
dily fall  to  the  bottom.  After  this  was  done,  the  bright  blue- 
coloured  folution,  which  was  found  to  contain  nothing  but 
copper,  was  carefully  poured  out,  and  dilHlled  water  was 
poured  over  the  white  powder,  which  was  waflied  feveral 
times  in  the  fame  manner,  after  it  had  each  time  remained 
at  reii:  long  enough  to  allow  it  to  fettle,  when  it  was  thrown 
upon  liltering  paper  to  be  farther  waflied.  This  white  pow- 
der, when  dry,  weighed  5 1  aflayer's  pounds,  which  gave  214 
pounds  of  tin  calx  in  the  whole  hundred..  Now,  tin  calx 
lofes,  b\^  being  revived,  j,  or  1^  per  cent,  of  its  weight;  and 
therefore  this  21!  pounds  of  tin  calx  muft  have  given  16 J- 
pound.-  of  metallic  tin  in  the  hundred,  which,  in  an  experi- 
ment Tuade  for  the  purpofe,  was  found  to  be  nearly  the  cafe, 
at)d  the  regulus  obtained  was  found  to  be  pure.  The  metallic 
compound  of  the  before-mentioned  dagger  blade  was  made 
therefore  of  83^-  copper,  and  16^  tin;  or,  to  reckon  without 
fractions,  of  84  parts  of  copper,  and  16  parts  of  tin. 
r  By  way  of  experiment,  a  compound  of  this  kind,  confiding 
of  pure  copper  and  pure  tin,  was  fufed,  and  a  penknife  blade 
was  made  of  it,  which  was  polilhed  and  ground  in  the  ufual 
maimer.  This  blade  had  all  the  properties  and  the  external 
ajjpearance  of  the  fragment  of  the  dagirer.  Where  the  edge 
was  thin,  it  was  cafily  turned  :  it  was  therefore  thought  that 
pcrha|)s,  in  the  dagger  before  mentioned,  tl.e  proportion  ot 
tin  w  as  greater.    To  afccrtain  this  point,  another  compofilion 
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was  made,  of  20  parts  of  tin  and  80  of  copper,  and  a  knife 
blade  was  made  of  it,  as  before.  Tliis  was  much  whiter  and 
harder,  but  alfo  brittler  in  tlie  fame  proportion,  and  there- 
fore broke  by  carelefl'ncfs  in  the  poHfliing.  Tlie  edge,  how- 
ever, was  fo  fliarp  that  it  could  be  ufed  for  making  pens ; 
but  it  did  not  Hand  long,  a&  notches  were  formed  in  it  by- 
each  cut. 

When  the  tin  makes  twenty-five  hundred  parts  in  the 
mixture,  it  becomes  rather  white  than  red,  but  exceedingly 
britlie.  If  the  addition  of  tin  be  increafed  to  thirty  in  the 
hundred,  or  more,  both  thefe  properties  are  increafed  in  the 
fame  proportion,  and  the  compofition  becomes  fit  for  fpecula. 
In  gun-metal  tin  makes  nine  parts,  or  more,  in  the  hundred  : 
in  bronze,  84  parts  of  copper  are  mixed  with  about  16  parts 
of  tin,  but  a  confiderable  portionof  zinc  or  brafs  isfometimes 
fubftituted  for  the  latter.  Bell-metal  contains  in  general  76 
parts  of  copper,   19  of  tin,  and  5  of  brafs,  or  tliereabouts. 

What  has  been  here  faid  may  perhaps  be  fufHcient  to  con- 
firm the  opinion  refpeAing  the  art  employed  bv  the  ahcients 
to  harden  copper,  and  may  furuilh  fomc  hints  for  the  em- 
ployment of.fuch  compounds  in  common  life.  Befides,  we 
are  hereby  enabled  to  appreciate  the  diiferent  opinions  enter- 
tained on  this  fubjeft-  M.  Monnet  imagined  that  the  cop- 
per in  ancient  times  was  mixed  with  arfenic,  which  rendered 
it  hard.  No  real  objection  can  be  made  to  this  being  pof- 
fible;  but  as  long  as  no  ancient  implements  made  of  this 
mixture  are  found,  the  above  alTertion  may  at  any  rate  be 
doubted,  without  mentioning  other  circumltances  which 
feem  diredlly  to  oppofe  it. 

M.  Dize  *  mentions  th,e  addition  of  iron  to  copper,  as  the 
means  of  rendering  the  latter  harder ;  and  endeavours  to 
prove  that  Geoffroy  the  younger,  who  firfl:  drew  this  con- 
clufion,  (from  au  experiment  he  made,  where  copper,  mixed 
with  fixteen  parts  of  iron  in  the  hundred,  was  found  to 
be  efjually  hard,  to  have  the  fame  grain  on  the  frafture,  and 
to  be  as  fit  for  making  cutting  inftruments  as  the  hardened 
copper  of  the  ancients,)"  was  too  precipitate  in  forminc-  his 

•  Journal  de  Phyfique  1790,  April. 

N  n  3  opinion. 
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opinion.  The  qucftion,  however,  iiflunics  a  different  appear- 
ance, when  we  take  into  confideration  the  experiment  as  re- 
lated by  Count  Caylus,  in  his  work  on  the  Egyptian,  Etriif- 
can,  Greek  and  Roman  antiquities  * :  for  it  there  appears  that 
M.  Ceoffroy  undertook  the  above-mentioned  experiment  by 
the  defire  of  Count  Caylus,  who  defcribes  various  kinds  of 
arrows  and  javelins  of  ancient  workman'liip,  which,  though 
they  had  the  appearance  of  copper,  were  mixed  with  iron  ; 
becaufe  filings  of*  them  were  attra>iled  by  the  magnet ;  be- 
caiifc  the  fraiture  had  a  different  appearance  from  that  of 
other  inftruments  made  of  the  hardened  copper  of  the  an- 
lients  mixed  with  tin,  and  was  at  the  fame  time  lefs  fufible. 
M.  GeoflVoy  thinks  it  rather  remarkable  that  mankind  flioujd 
fo  early  have  fallen  on  the  methodof  uniting  copper  with  iron 
in  an  uniform  mixture,  which  even  at  prefent  is  confidercd 
as  a  difficult  procefs.  It  is  well  known  that  the  moft  com- 
mon copper  ore  confiRs  of  copper  and  iron  mineralifed  with 
fulphur,  and  wliich  is  called  pyrites  of  copper;  not  that  the 
copper  makes  the  greater  part  of  it,  but  becaufe  the  copper 
is  of  the  greateft  value,  though  the  iron  feems  moll  generally 
to  conftitutc  the  principal  component  parts.  When  this  ore 
is  fnielted,  the  firft  copper  obtained,  or  the  fo  called  black 
or  raw  copper,  is  neceffarily  rendered  iuipiu'C  bv  a  greater  or 
]efo  quantitv  of  iron,  according  as  more  or  lels  care  has  been 
employed  to  feparate  it  during  the  operation.  It  is  therefore 
in  our  powfr,  it  is  faid,  not  only  to  obtain  copper  combined 
in  this  manner  with  as  much  iron  as  may  be  necelUiry,  but 
alfo  to  caft  all  kinds  of  inllrunients  of  it,  and  afterwards  to 
hammer  them  cold,  or  to  cxpofe  them  to  the  fame  procefs  of 
hardening  as  if  they  were  of  pure  fteel.  Some  aficrt  that  this 
method  has  been  attended  witli  complete  fuccefs.  Count 
Caylus  tried  alfo  to  harden  pure  copper  by  melting;  but,  in- 
itead  of  ijccoming  hard,  it  was  found  lofier  and  more  malle- 
able, which  agrees  with  what  has  been  faid  in  the  beginning 
of  this  paper. 

Without  in  the  lead  IcHening  the  crcclibility  of  this  aflcr- 
tion,  which  feems  to  have  great  probability  in  its  favour,  we 

*  RcciHil  d'Aiuujaiiob  EgypUcuiics,  Eirul^uts,  Grectjucs  ct  Romains. 
Vol.  i.   ^.2ji> — ^l^- 
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may  at  lead:  cxprcfs  a  wiih  t!iat  i'oiiie  perfon  would  make, 
of  c(ippcr  mixed  in  this  manner  with  iron,  diiil-rcnt  iii- 
ftruments,  and  then  endeavour  lo  lliew  real  antique  works 
made  oF  the  fame  mixture,  in  or(!er  that  they  may  be  eom- 
pand.  Until  this  be  aceomplilhed,  it  will  be  bell  to  adhere 
to  that  procefs  wiiich  fcenis  to  hiac  been  chielly  followed, 
and  of  which  indubitable  proofs  are  ftill  in  exiftence. 

The  hiftorvof  the  antiquity  and  ufe  of  metals  in  the  period 
to  which  this  queftion'  properly  alludes,  is  involved  in  lo  gteat 
darknciV,  that  nothiuii-  decifive  on  the  prefent  fubjecl  can  be 
derived  from  it.  This  nmeh,  however,  is  certain,  that  th« 
works  of  ancient  authors  Itill  extant  fpeak  of  gold,  lilver, 
copper,  iron,  tin,  ami  lead,  as  known  at  the  lame  time, 
iind  employed  for  various  purpofes.  In  regard  to  coj>per  in 
particular,  it  is  found  more  abundantly  in  a  native  ilate 
than  any  other  metal,  and  requires  nothing  farther  than 
fniehlng  to  be  immediatelv  ufed.  In  procefs  of  time  maiv 
kind  would  become  acquainted  with  the  art  of  extracting  the 
metal  from  other  ores  of  copper  ;  not,  however,  without 
greater  labour,  and  therefore  at  firli;  none  but  rich  ore  couU 
be  ufed  ;  and  we  mav  with  jultice  conclude,  that  copper  uas 
one  of  the  Hril  metals  worked. 

Tin  is  not  found  in  a  native  ilate,  but  its  ore  is  aVandant 
in  certain  places,  and  is  eaiily  revived,  or  brought  to  the  me- 
tallic (late,  efpecially  when  people  arc  acquainted  with  the 
procefs  of  fmelling  other  metals.  Tlie  antiquitv  of  tin,  there- 
fore, is  as  well  cltablilhed  as  that  of  the  other  metals  among 
which  it  is  named.  In  the  tinie  of  the  Tyrians  a  confidcr- 
able  trade  was  carried  on  in  tliis  metal,  which  thcv  brought 
from  the  Calfiterides  illands,  bevond  the  pillars  of  Hercules^ 
under  which  name  England  is  no  doubt  meant. 

Whether  the  art  of  mixino-  ihcie  two  metals  together  bv 
fufion  was  lirlt  found  out  by  accident,  or  by  experiments 
made  for  the  ptirpofe,  it  is  not  to  be  doubted  that  call  works 
of  fuch  a  compofition  are  mentioned  at  the  fame  period  wiili 
ilse  limple  metals,  liefidps,  the  works  in  bronze  of  the  an- 
rii-nts  are  a  lutlicient  proof  of  their  Ikill  in  combining  me- 
tals,   of  their  art  of  modelling  after  Nature,    and  of  theif 
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veaduicfs  in  cafting.  All  their  inftrumejits  and  edged  tools 
of  this  kind  hitherto  foand  have  been  caft,  and  not  ham- 
mered ;  and  of  this  kind,  without  doubt,  were  the  inftru- 
ments  mentioned  by  Profeffor  Pallas  as  having  been  found 
!iear  the  Tfchudi  mines.  All  of  them,  except  a  few,  con- 
filled  of  a  compofition  of  copper  and  tin. 

The  art  of  preparing  and  feparating  iron  may  have  been 
difcovered  as  early  as  that  of  preparing  other  metals.  As  this 
art,  however,  requires  a  greater  degree  of  dexterity,  it  was 
doubtlefs  lefs  common  at  firfl,  and  nmft  have  been  diffufed 
more  flowly.  This  mull  have  been  the  cafe  much  more 
with  the  art  of  preparing  fteel,  which  naturally  would  be 
much  later  than  liiat  of  preparing  iron,  and  melting  tin  and 
copper.  The  method  of  preparing  fteel  may  have  been  ge- 
nerally known  in  one  country  before  it  was  communicated 
to  another,  where  copper,  hardened  in  the  above  manner, 
may  have  been  ufed  in  its  ftead.  The  Japancfc  ftill  ufe  mir- 
rors of  white  copper,  which  confifts  of  a  mixture  of  that  me- 
tal and  tin.  The  metal  of  the  Chincie  gongs  confifts  of  cop- 
per, mixed  with  18  parts  in  a  hundred  of  tin,  and  probably 
a  little  nickel ;  and  thefe  inftruments  are  at  the  fame  time 
fubjefted  to  (Irong  hammering  when  cold.  The  Chinefe 
form  their  ill-{haped  razors  of  iron  (not  hammered)  filed  to 
an  edge,  and  which  cut  fo  badly,  that,  after  every  ftroke  on 
the  beard,  they  muft  be  drawn  over  a  file.  Many  tribes 
who  have  been  difcovered  in  modern  times,  and  who  are 
unacquainted  with  the  ufe  of  metals,  employ  hard  kinds  of 
ftones  for  making  knives,  hamniers,  arrow-heads,  axes,  &c. 
Indutlry  alvvavs  fupplies  itfelf  with  its  necefl'aries,  and  em- 
ploys for  that  purpofe  fuch  materials  as  can  be  obtained, 
without  taking  into  accomit  the  degree  of  labour  which  th^ 
preparaj^on  of  them  may  require. 
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XII.  JExptrimefits  on  the  Nature  and  Properties  of  the  Vittrm 
fongaja,  Lapis /ia:gifer * .     By  P.  A.  GADDf. 

k3T0NES  in  general  are  in  Italy  called  Pietra ;  a  word 
whii;h  fonieiinies  is  ufed  to  denote  the  harder  fort  of  llone:», 
as  well  as  Itoncs  of  a  certain  genus;  for  example,  Pietra 
bigia,  ohjU'uitic}^  nephritica,  &c.;  and  this  is  the  cafe  with 
the  fo  called  Pietra  fo?igaja.  \,  T.  Ferber  may  be  confidcred 
■as  the  firft  pcrfon  who  gave  a  defcription  of  it  in  his  letters 
from  Italy.  He  has  remarked  alfo  that  a  kind  of  it  is  in 
common  ufe  in  the  houfes  of  Naples  and  Romej  and  that 
he  faw  another  kind  in  the  pofleffion  of  M.  Fabbroni,  at  Flo- 
rence :  the  firft  kind,  which  was  found  in  the  chalk-hills 
near  Naples,  confifted  of  white  calcareous  ftala6tites,  and  a 

number  of  fmall  roots  of  vegetables  ;   the  latter  was  a  hard- 
en ' 

encd  turf,  dug  up  in  the  neighbourhood  of  fome  volcanic 
mountains. 

A  few  years  ago,  M.  Charles  Spjirre,  chancellor  of  the 
academy,  having  been  fo  kind  as  to  tranfmit  to  me  a  piece 
o^  pietra  fongaja,  which  he  had  brought  with  him  from  Italy. 
I  analyfed  it,  and  found  the  refult  as  follows: — It  burns  in 
an  open  fire,  and  emits  the  fmell  of  putrid  vegetables.  When 
burnt  in  a  (irong  fire,  the  greater  part  of  it  becomes  dark- 
grey  aflies.  A  hundred  parts  of  this  hardened  turf,  lofl 
about  fifteen  parts  in  weight.  When  fufed  in  a  flronger 
heat,  it  is  converted  into  a  black  opaque  flag,  which,  how- 
ever, is  difficult  to  be  fufed.  When  a  fmall  part  only  of  thi* 
earth  is  fufed  with  borax,  the  glafs  acquires  a  dark-green  co- 
lour. If  a  little  w-ater  be  poured  over  the  calcined  earth, 
the  water  exhibits  traces  of  dilfolved  pot-afh,  but  the  earth 
does-not  appear  to  have  thereby  fenfibly  decreafed  in  weight. 
One  hundred  parts  of  the  earth,  previoufly  calcined  in  a  cru- 
cible, being  analyfed,  were  found  to  contain  about  45  or  46 
of  filiceous  earth,  23  argil,  7  calcareous  earth,  20  calx  of 
iron,  together  with  traces  of  magnefian  earth  and  pot-a(h. 

When  the  pietra  fongaja  is  kept  in  a  cellar,  and  moidened 

•   Mi>fliroom-(\onc,  or  mulhroom-beaiing  ftone. 
^   Froio  'tranjae.  R'yol  Acad.  SiuLkholvi  for  1797. 
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with  water,  it  produces  a  great  manv  eatable  mufnrooms, 
which  in  Italy  are  fervecl  up  at  the  tables  of  the  great  ns  dc-" 
licacics.  It  needs  exeitc  no  wondLT  that  mulhrootiis  ftiould 
grow  on  the  pk'tra  Jonrraja,  iincc  a  multitude  of  fruiifiif 
mufhrooni  {i!i::<\<?^  are  intermixed  in  this  foft  ftahn^lites,  as  well 
as  with  the  hnrdened  turf  found  near  volcanoes. 

For  the  information  of  thofe  who  may  be  defirous  of 
making  muflirooms  continually  grow  up  from  the  p'telra 
fongaja,  and  of  incrcafmg  the  quantity,  it  may  be  neccirary 
to  remark,  that  this  effect  will  be  produced,  if,  according  to 
the  experiment  of  i\l.  Gleditfch,  the  mufhroom-ftones  kept 
m  cellars  be  moiliened  with  water  in  which  mufhrooms  have 
been  wathed  *. 


XHI.  On  the  Folcan'ic  Ifland  fhrozun  up  in  the  Ne'tghhrjurhood 
of  Iceland.     By  Captain  Vox  LowEKORX,  'jf  the  Danijh 
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N  the  fprino;  of  the  year  17S3,  a  vo'cajiic  ifland,  tlirown 
up  in '.he  neigldiourhood  of  Iceland,  excited  no  little  atten- 
tion. According  to  the  account  of  the  fca-captain,  who  firft 
fow  it,  exa(?i:ly  at  the  time  when  it  firll  arofe,  Imoke  and 
flame  feemed  to  rife  from  the  fea,  but  no  land  or  idand  was 
to  be  feen.  It  needs  excite  no  wonder,  theretOre,  that  the 
obferver  was  thrown  into  the  greateii  confternaiion,  as  he 
fays  himfelf,  when  he  beheld  tlu*  fea  on  fire!  iJe  i\nd  tUe 
Avhole  crew  therefore  concluded  that  the  end  of  the  v.orld 
had  arrived,  and  they  all  began  to  prepare  themfelves  for 
the  au  ful  moment :  but,  as  tlicy  heard  no  trumpet,  and  as 
the  fun  Hione  in  the  firnuiment  with  his  ulual  brightneTs, 
after  conlidering  wliat  the  phenomenon  miulit  be,  they 
at  laft  concluded  that  Icclimd  bad  been  nvallowed  wfi  bv  an 
carth'[uake;  that  this  was  a  remainder  of  it;  and  that  the 
flames  arofe  from  Hecla,  the  well-known  volcano  of  that 
Ifland.     Full  of  this  idea,  they  wire  jufi  on  tiie  point  of  rr.- 

*  Does  nor.  this  furnifn  a  hint  to  thofe  wb.o  rear  mufnrooTis  in  gurdens 
on  beds  of  horfe-d'.ing  ?     Epit. 

f  From  Geogrnplyifcbe  Epbemeriden,  1799- 

5  turning. 
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turniu!]:,  i»  order  to  convey  intelligf.ncc  of  this  event  to 
Denmark;  but  vf■l•^  l;ickily  they  foon  after  difeovered  the 
conft  of  Icckmd. 

The  place  where  ihis  volcanic  eruption  was  feen,  lies  only 
7^  nautical  miles,  fifteen  to  a  degree,  from  the  fouth-weft 
extremity  of  Iceland.  Hitherto  they  had  fecn  no  land,  but 
rccognifing  Iceland,  the  (liip  reached  the  place  of  deftina- 
tion,  and  completed  her  voyage.  Other  Qiips,  which  arrived 
later,  i'lw  a  fmall  ifland  from  which  the  eruption  had  arifen^ 
but  it  always  exhibited,  as  might  naturally  be  exj)e6ted,  a 
dilferent  appearance.  The  fame  year  fmoke  and  flames  were 
fcen  to  arife  from  the  neareft  part  of  the  oppofite  coaft  of 
Iceland. 

As  there  have  been  many  inftances  of  fuch  eruptions  from 
the  fea  producing  i Hands,  this  event  attracted  the  notice  of 
government,  and  the  year  following  orders  were  given  to  the 
{hips  bound  to  Iceland  to  examine  the  new  ifland ;  but  it 
had  entirely  difappeared,  fo  that  no  traces  of  it  were  to  be 
found.  Tov/ards  the  concluflon  of  the  year,  however,  an 
unfortunate  accident  happened,  which,  without  doubt,  was 
occafioned  by  funken  rocks  forming  a  part  of  the  ifland 
which  had  difippeared. 

A  Danifh  fliip  of  war  of  64  guns,  called  the  Infodfretten^ 
was  cxpe6led  from  the  Eafl:  Indies,  and  intelligence  had  al- 
ready been  received  that  flie  had  failed  from  the  Cape  of 
"Good  Hope;  but  after  that  period  no  farther  account  was 
heard  of  her  till  the  year  1785,  when  fome  veflels  returning 
from  Iceland  reported,  that  fome  fragments  of  this  fliip,  to- 
gether with  the  lojig-boat,  had  been  driven  afliore  on  the 
coaft  of  that  ifland.  According  to  every  account,  and  by 
comparing  the  difierent  circumflances,  it  appears  to  me  cer- 
tain that  the  above  fliip  was  wrecked  on  thefe  rocks,  then  no 
longer  viflblc  above  the  furface  of  the  fea.  It  is  impoflible 
thai  fuch  a  large  boat  could  have  been  conveyed  from  a  fliip 
without  the  hands  of  men,  imlefs  the  fliip  had  been  daflicd 
to  pieces.  This  boat  was  not  only  driven  to  land  entire, 
and  in  good  condition,  though  without  any  perfon  in  it,  but 
there  was  found  in  it  a  box  filled  with  wax  candles.  At  the 
diflance  of  about  a  quarter  of  a  mile  from  the  boat  there  were 
Vol.  V.  Go  found 
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found  various  pieces  of  the  fame  lliip.  which  could  be  eafily 
known  by  fouie  diftinguiniing-  marks.  Thefc  parts,  of  dif- 
ferent forms  and  fizes,  would  not  have  been  thrown  on  fliore 
fo  near  each  other  if  the  misfortune  had  happened  at  a 
greater  diftance;  the  billows,  currents,  Sec,  V\ou)d  certainly 
hayc  driven  them  on  (liore  at  places  more  remote  from  each 
other.  Befides,  thefe  fragments  were  driven  on  flK)rc  by  a 
wind  which  blew  in  a  direction  from  thefe  rocks,  and  no- 
thing elfe  of  this  misfortune  had  been  perceivcvl  on  the  coaft. 

From  all  thefe  circumllances  I  conclude  that  this  vefl'el 
had  experienced  a  very  bad  vovagc  home  from  the  Cape  of 
Good  Hope,  for  that  year  eaderly  winds  were  exceedingly 
prevalent  in  the  northern  feas.  A  great  many  fliips,  and 
particularly  men  of  war,  preferred  going  round  Great  Bri- 
tain to  ti)e  palTage  through  the  Channel.  It  is  probable  that 
the  fliip  in  (jueftion  may  have  been  in  want  of  fome  neceflarv, 
fueh  perhaps  as  frcfh  water.  The  captain,  befides,  was  well 
acquainted  in  Iceland,  where  I  myfelf  was  with  him,  fome 
years  ago,  as  heutcnant  on  board  a  fliip  which  he  then  com- 
manded, and  on  this  account  he  probably  intended  to  run  into 
fome  of  its  harbours,  but  unfortunately  ftruck  on  the  funken 
rocks,  the  remains  of  the  volcanic  illand.  In  this  diftrefled 
fituation  the  crew,  no  doubt,  had  rccourfe  to  the  only  pro- 
bable means  left  for  faving  their  lives  by  hoifting  out  their 
long-boat,  and  while  employed  in  this  labour  the  fliip,  it  is 
likely,  went  to  pieces,  and  the  people  were  loft,  as  none  of 
them  were  ever  feen  or  heard  of. 

During  my  expedition  to  Iceland  in  the  year  1786,  I 
made  it  my  bufinefs  to  make  fome  refearches  in  rejiard  to 
this  volcanic  illand,  though  at  that  time  no  fufpicion  was 
entertained  that  the  above  Ihip  had  been  wrecked  in  this 
place  ;  for  this  conjecture  was  only  a  confequence  drawit 
from  my  refearches. 

When  I  arrived  in  Iceland,  where,  on  account  of  the  bu- 
finefs entrufied  to  my  charge,  as  well  as  on  account  of  the 
obfervations  which  I  was  obliged  to  make  for  the  impro\t- 
ment  of  charts,  I  found  it  necefi'ary  to  remain  fome  time 
with  my  fliip  in  Holmens-hafen,  and  had  at  my  difjiofal  a 
fniall  vcflel  which  was  lying  there^  I  ordered  Lieutenant, 

now 
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now  Captain  Grove,  to  cruife  about  with  this  finall  vefTel  in 
the  neighbourhood  of  the  place  where  the  volcanic  ifland  had 
been  I'een.  He  remained  th.erc  fome  days,  and  liioug^h  he 
often  founded  with  a  line  of  more  than  a  hundred  fathoms, 
found  no  bottom,  fo  tliat  he  lolt  all  hope  f)f  making  anv  dif- 
covery;  but,  jud  when  he  was  about  to  return,  he  obferved, 
contrary  to  all  expeftation,  that  the  waves  broke  over  fome 
rocks  h'ing  exaellv  level  with  the  furtace  of  the  water.  i\» 
he  now  entertained  no  doubt  that  he  had  f  )und  u-hat  he  haci 
been  lent  in  quell:  of,  lie  took  the  bearings  and  di(ranees  from 
the  ncareft  part  of  the  eoaft  of  Iceland,  and  tranUniited  to  me 
an  account  of  his  obfervations. 

^\'I1en  the  bufiners  of  the  expedition  was  ended,  and  I 
was  about  to  return  at  the  end  of  the  iumnier,  I  refolved  to 
vifit  this  interefiing  point  myfelf,  and  to  afeertain  its  real 
poiition  by  a<Sfual  obfervation,  I  took  mv  departure,  there- 
fore, from  fome  fmail  iflands,  or  rocks,  which  lie  before  Cape 
ReikiancJs,  the  fouth-welt  extremity  of  Iceland,  and  the  out- 
ermolt  of  which  is  called  the  Grenadier's  Cap,  diftant  3]^ 
miles  fouth-weft  from  the  Cape,  As  the  weather  was  exceed- 
ingly favourable,  I  was  fo  fortunate  as  to  obtain  its  latitude 
by  the  meridian  altitude  of  the  fun,  and  its  longitude  by  a 
timekeeper.  Thou^^^h  the  timekeepers  which  I  carried  with 
me  were  not  of  the  beft  kind,  as  I  had  quilted  the  lame  day- 
one  of  the  ports  of  Iceland,  where  I  obferved  their  rate  of 
going,  their  relative  errors  could  not  be  of  great  importance. 
I  determined,  therefore,  the  pofition  of  the  rock  called  the 
Grenadier's  Cap  at  6'^°  43^  40'  north  latitude,  and  25^ 
35 '40"  weft  longitude  from  the  meridian  of  Paris.  This 
agreed  pretty  nearly  with  the  obfervations  of  Verdun  de  la 
Crcnne;  Borda,  and  Pingrc*;  cfpecially  as  I  have  good  rca- 
fon  to  believe,  that,  from  a  want  of  fufficient  knowledge  of 
the  coaft  of  this  country,  they  placed  Cape  Rcikianos  three 
minutes  ton  far  north,  as  they  make  the  latitude  to  be  63"^ 
55'.  As  I  found  alfo,  by  the  molt  accurate  obfervations  that 
could  be  made  at  fea,  that  thefe  dangerous  rocks  lie  47^^  in  a 
direction  fouth-well  from  the  true  ineridian,  and  jufl  four 

*   f'o'- a^e  fa'.t  par  ^vdre  clu  Rci  r.':  i  7 7 1  j  1772. 
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miles  from  the  before-mentioned  Grenadier's  Cap,  the  pofi- 
tions  of  thefe  rocks  will  be  63^^  32' 45 "north  latitude,  and 
20"  2'  ^o"  weft  longitude  from  the  meridian  of  Paris, 

As  I  now  proceeded  to  get  a  fight  of  thefe  rocks,  Captain 
Grove,  who  was  on  board  my  fliip,  concluded,  from  his 
former  obfervations,  that  we  could  he  at  no  great  diftance 
from  them,  having  now  quite  loft  fight  of  the  Icelandic 
coaft;  and  the  before -mentioned  rocks,  which  lie  to  the 
fouth-weft  from  Iceland,  though  the  weather  was  clear, 
being  now  fcarcely  difcernible.  My  companion,  therefore, 
afked  whether  it  was  prudent  to  advance  fo  ftraight  upon  it. 
While  we  were  talking  on  this  fubjecl  the  people  called  out, 
and  immediately  cverv  eye  was  directed  to  the  fpot,  where 
we  faw  before  us  the  waves  breaking  over  a  rock.  We  im- 
mediately put  about  fliip,  and  heaved  the  lead,  vvhich  was 
in  readinefs,  and  found  the  dcpdi  twenty- fix,  and  foon  after 
fortv  fathoms,  but  a  little  farther  no  ground  was  to  be  found 
with  a  line  of  a  hundred  fathoms.  Some  tallow  had  been 
put  into  the  bottom  of  the  lead,  as  ufual,  to  enable  us  to  de- 
termine  the  nature  of  the  bottom  by  the  fubftances  which 
adhered  to  it.  By  thefc  means  we  obtained  furali  fragments 
of  ftone  which  were  entirely  lava,  or  of  a  volcanic  nature. 
The  rock  is  not  large,  and  the  v.ater  around  it  is  exceedingly 
deep.  Its  hei<rht  is  exactly  equal  to  that  of  ihe  furface  of  the 
fea,  or  rather  a  little  lower ;  and  for  that  reaibn  it  cannot  be 
feen  till  one  approaches  very  near  to  it,  or  when  the  wave^ 
break  over  it. 

The  origin  of  the  volcanic  ifjand,  which  was  feen  in  this 
place  in  the  year  1783,  I  explain  in  the  following  manner : — 
The  rock  which  now  remains  formed  the  crater,  which  at 
that  period  threw  up  flames  and  fmoke.  The  large  quantity 
of  lava  which  ilfued  from  it,  being  accumulated  on  the  bot- 
tom of  the  fea  around  the  crater,  may  at  length  have  been 
raifed  above  the  furface  of  the  fea,  and  even  to  a  confiderable 
height.  But  as  this  volcano  lies  in  a  part  of  the  ocean  where 
prodigious  billows  prevail,  and  roll  over  each  other  through- 
out a  wide  extent  of  fea,  it  is  probable  that  fuch  a  ftruftur^ 
would  foon  be  deftroyed  by  their  violence,  efpeciaily  as  there 
is  a  great  depth  of  water  around  it,  in  which  it  midit  eafily 
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te  overturned.  It  is  kiiovva  alio  tiiat  the  fame  year  a  con- 
Uderable  quantity  of  puniice-ftone  and  volcanic  fub(hmces  of 
the  like  kind,  the  fpecific  gravity  of  which  was  lighter  thaii 
that  of  water,  was  caft  on  fhore  in  Iceland,  and  found  float- 
ing on  the  fea  bv  mariners. 

Had  the  eruption  taken  place  in  a  calmer  fea,  and  the 
jlcpth  around  it  been  iefs  abmpt,  the  thrown  up  mafs  would 
have  confolidated  itfelf  bv  its  own  weight,  and  would  have  in 
time  become  an  illand ;  of  which  we  have  had  inllances  in 
the  Archipelago,  in  the  Eaft  Indies,  and  different  parts  of 
the  ocean.  Had  it  taken  place  on  the  continent,  or  in  an 
ifland,  it  would  have  formed  a  mountain.  It  is  not  necef- 
fary  that  a  volcano  ihould  always  arife  from  a  mountain: 
volcanoes  have  been  feen  to  burft  forth  in  plains;  but  the' 
invariable  confequence  is,  that  the  volcanic  matter,  by  beinf 
accumulated,  and,  as  it  were,  piled  up,  forms  a  mountain. 
Now,  as  the  violence  of  the  waves  may  have  eafily  waflied 
away  the  loofe  matter  accumulated  round  the  crater,  there  n 
no  abfurdity  in  fuppofing,  that,  as  the  billows  rolled  over  the 
mouth  of  the  crated,  the  fire  was  at  length  overcome  by  the 
water,  and  the  volcano  extinguiflicJ. 

The  crater,  confifting  of  rock,  has  remained.  It  is  well 
afcertained  that  a  rock  exifted  in  this  place  before  the  erup- 
tion; and  it  is  confirmed,  by  late  obfervations,  that  it  exifts 
ilill.  An  obfcuve  notion  prevailed  among  the  feamen  who 
frequented  Iceland,  that  there  was  a  blind  rock*  in  this 
neighbourhood  called  Fuglc-Skiir  (Bird's  rock).  This  name 
I  have  retained  in  my  charts,  though  the  exigence  of  it  is 
denied  by  many  feamen,  becaufe  they  pafled  without  feeing  it. 
But,  under  fuch  circumftances,  the  teftimony  of  one  who 
has  iccn  it  is  of  more  weight  than  a  hundred  who  deny  its 
exiftence  becaufe  ihey  did  not  fee  it.  This  confirms  me  in 
the  opinion  that  the  crater  had  exifted  long  before  in  the 
fame  ftatc. 

To  conclude,  it  may  not  be  fuperfluous  to  remark,  in 
order  to  llrengthen  this  opinion,  that,  nearly  in  the  fame  di- 
rection from  the  fouth-weft  extremity  of  Iceland,  as  already 
jncntioned,  there  arc  five  fmail  ifiands  or  rocks,  the  outcr- 

•  Rocks  lying  under  the  water,  snJ  whic'a  are  tlierefure  rr.oie  dan- 
gerous, are  by  ArUinen  calie  I  blind  rccki- 
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mod  of  which  lies  at  tiic  diftance  of  3'-  miles  from  Cape 
Keikianos.  Between  thefe  the  water  is  deep ;  fhtps  which 
go  to,  or  come  from,  the  weft  fide  of  Iceland,  commonly 
pafs  through  them,  when  they  firft  get  fight  of  the  land 
and  rocks.  By  the  Danifli  fcamcn  they  are  called  Fuglc- 
Ski'^jr,  hecaufe  they  are  frequented  by  a  great  number  of  fea- 
fow] ;  but  by  the  inhabitants  they  are  called  Eld  Eyarne, 
(fire  iflands.)  May  not  this  afford  reafon  to  conjcclure  that 
in  former  times  they  had  volcanic  eruptions?  and  the  vol- 
cano which  appeared  in  the  year  1783  may  probablv  have 
exifted  Ions:  before. 


XIV.  Expcrhnenfs  on  fame  peculiar  Matters  draivn  from 
Atiimal  Suhjlances  treated  tviib  the  Nitric  Acid.  By 
C.  Welter  *. 


II E  author  having  treated  filk  with  the  nitric  acid,  to 
obtain  from  it  the  oxalic  acid,  v/as  furprifed  to  find  that  at 
tlie  end  bf  his  procefs  he  obtained  a  filky-looking  fait  of  a 
golden-yellow  colour,  and  which,  on  the  approach  of  a  piece 
of  red-hot  coal,  exhibited  all  the  eflfecls  of  gunpowder.  As 
he  made  the  experiment  only  once,  he  thought  it  of  import- 
ance to  give  a  particular  account  of  the  procefs,  in  order  that 
it  might  be  repeated. 

On  one  part  of  filk  he  poured  fix  parts  of  nitric  acid  of  the 
{hops,  adding  a  little  concentrated  nitric  acid.  After  it  had 
refled  two  days,  he  diltilled  this  mixture.  He  then  poured 
what  had  pafTed  into  the  receiver,  on  what  remained  in  the 
retort,  and  filtered  the  whole.  The  oxalic  acid  cryftallifing 
on  the  filtre,  he  put  the  whole  again  into  the  retort,  and 
added  a  pretty  large  quantity  of  water,  which  had  fcrved  to 
wafh  the  filtre.  He  diftillcd  off  a  part  of  the  water;  but  as 
the  refiduum  did  not  cryftallife,  returned,  by  elevating  the 
receiver,  what  had  paflTcd  over;  and,  after  repeating  this  ope- 
ration feveral  times,  obtained  for  refiduum  an  acid  liquor  of 
the  weight  of  the  fiik  employed,  and  which  contained  fmall 
granulated  cryltals. 

This  hquor  fliewed  no  traces  of  tlie  oxalic  acid.     It  was 
yellowifli,  and  communicated  that  dolour  to  tlie  iiugcrs  and 
♦  BulLtin  dcs  Sciences,  Vol.  II.  Nc.  i. 
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'  j  filk.  The  tint  was  not  in-the  Icafl;  weakened  by  waniing. 
r.  Welter  i'aturated  this  liquor  with  lime;  and  having  con- 
( -ritrated  it,  he  added  alcohol,  which  took  up  a  matter  of  a 
;innny  appearance.  The  alcohol,  diluted  with  water,  being 
V  >  aporaled,  there  remained  a  yellow  fubllance  mixed  with 
ijlutions  of  the  nitiat  and  muriat  of  lime.  Thefe  falls  were 
ucconjpofcd  by  carbonat  of  pot-afh,  and  the  liquor,  feparated 
from  ti)e  carbonat  of  lime,  was  iubje6led  to  evaporation.  It 
eave  golden-coloured  cryftals,  which  had  the  finenefs  of  filkj 
jud  detonated  like  gunpowder,  producing  a  black  fmokc. 
i  hefe  cry  Hals  are  foluble  in  water  and  alcohol,  and  cryfiallife 
<  n  cooling.  Thcv  are  deprived  of  their  colour  by  the  oxygen- 
ated muriatic  acid.  The  fiilphuric  acid  difengages  from  them 
tiie  odour  of  the  nitric  acid.  The  muriatic  acid  precipitates, 
'rem  a  fokilion  of  thenijhnall  micaceous,  whitilli,  volatile  cryf- 
tals, which  in  thefn-e  exhale  a  bitter  and  inflammable  fmokc. 
Thisgolden-yellow  coloured  detonating  and  cryitullifablefub- 
ftance  is  by  the  author  called  amcr  (bitter) ;  its  cryftals  appear 
to  be  oclaedral.  As  animal  fubftances  become  yellow  by  the 
contact  of  the  nitric  acid,  C.  Welter  endeavoured  to  extradl 
amcr  from  raw  beef;  but  he  found  it  combined  with  another 
fubftance,  which,  like  it,  could  not  be  altered  by  the  nitric 
acid.  This  combination,  foluble  in  the  concentrated  nitric 
acid,  is  feparated  from  it  by  water,  under  the  form  of  a  yellow 
powder,  which  does  not  lofe  its  colour  bv  expofure  to  the  air, 
and  which  might  perhaps  be  ufeful  in  painting. 

What  made  C.  Welter  prcfunic  that  this  powder  is  com- 
pofed  oi  amcr  and  another  fubttance,  is,  that  he  obtained  the 
latter  by  treating  fponge  with  the  nitric  acid.  It  is  colour- 
lefs.,  foluble  in  concentrated  nitric  acid,  and  fuffers  itfelf  to 
be  precipitated  by  water  like  tlie  preceding  powder. 

What  has  been  here  faid  feems  to  iliew  that  animal  mat- 
ters treated  with  the  nitric  aeld  give  as  refiduum  two  fub- 
llances  unalterable  by  that  acid,  and  which  are  found  cither 
in  the  ftate  of  combination,  or  feparate.  It  appears  that  lilk 
gives  pure  aincr,  fponge  gives  the  fecond  fubltance  pure,  and 
beet  a  combination  of  both.  The  amer  is  yellow,  and  foluble 
ia  water:  the  combination  of  both  is  as  infoluble  in  water 
as  the  fubllance  obtained  from  fponge,  but  coloured. 

XV.  ll'H^c- 
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XV.  Rejleciions  on  the  QualUy  of  Earthen-JVare,  and  the 
Refults  of  the  Analyfis  of  /onie  Earths  and  ccmmon  Kinds 
of  Earthen'JVarc.     By  C.  V'AuauELiN*. 

X  OUR  things  may  occafion  the  difference  in  the  quali- 
ties of  earthen- ware  :  ift,  the  nature  or  compolition  of  the 
matter;  2d,  the  mode  of  preparation ;  3d,  the  dimenfions 
given  to  the  velfels;  4th,  the  baking  to  which  they  arefub- 
jecl:cd.  By  compofitiou  of  the  matter,  the  author  under- 
Itands  the  nature  and  proportions  of  the  elements  of  which  it 
is  formed.  Thefe  elements,  in  the  greater  part  of  earthen- 
ware, cither  valuable  or  common,  are  filex,  argil,  lime,  and 
fometinies  a  little  oxyd  of  iron.  Hence  it  is  evident  that  it 
is  not  fo  much  by  the  diverfity  of  the  elements  that  good 
earthen-ware  difi'ers  from  bad,  as  by  the  proportion  in  wliich 
they  are  united.  Silex  or  quartz  makes  always  two-thirds  at 
leafl  of  earthen-ware  ;  argil  or  pure  clay  from  a  fifth  to  a 
third;  lime  from  5  to  20  parts  in  the  hundred,'  and  iron  from 
o  to  13  or  15  parts  in  the  hundred.  Silex  gives  hardnefs, 
infufibility,  and  unalterability  ',  argil  makes  the  pafte  pliable, 
and  renders  it  fit  to  be  kneaded,  moulded,  and  turned  at 
pleafure.  It  poflcfTes  at  the  fame  time  the  property  of  being 
partially  fufed  by  the  heat  which  unites  its  parts  with  thofc 
of  the  filexj  but  it  muft  not  be  too  abundant,  as  it  woutd 
render  the  earthen-ware  too  fufible  and  too  brittle  to  be  ufed 
over  the  fire. 

Hitherto  it  has  not  been  proved  by  experience  that  lime 
is  necefiTary  in  the  compofition  of  pottery :  and  if  traces  of 
it  are  conftantly  found. in  that  fubftance,  it  is  becaufe  it  is 
alwavs  mixed  with  the  other  earths,  from  which  the  wafliings 
and  other  manipulations  have  not  been  able  to  feparate  it. 
When  this  earth,  however,  does  not  exceed  five  or  fix  parts 
in  a  hundred,  it  appears  that  it  is  not  hurtful  to  the  quality 
of  the  pottery;  but  if  more  abundant,  it  renders  it  too  fu- 
fible. 

The  oxyd  of  iron,  befides  the  inconvenience  of  communi- 
cating^ a  red  cr  brown   colour,  according  to   the  degree  of 
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ba"klng,  to  the  vcirels  in  which  it  forms  a  part,  has  the  jiro- 
pcrty  of  rendering  them  fufible,  and  even  in  a  greater  degree 
tl)an  lime. 

As  ibnie  kinds  of  pottery  arc  dedined  to  m:lt  very  pene- 
trating fubftances,  fiieh  as  fahs,  inetalHe  oxyds,  glafs,  he. 
they  require  a  tine  kind  of  parte,  which  is  olitaincd  only  by 
reducing  the  earths  employed  to  verv  minute  particles. 
Others  deftined  for  melting  metals,  and  fubflanccs  not  very 
penetrating,  and  which  nnift  be  able  to  fupport,  without 
breaking,  a  fudden  tranlition  from  oTcat  heat  to  great  eold^ 
require  lor  their  fabrieaiion  a  mixture  of  calcined  argil  with 
raw  argil.  By  thefe  means  you  obtain  pottery,  the  coarfe 
pafte  of  vvhicli  refembles  hrecht,  or  fmall-grained  pudding- 
fhine,  and  v.iiieh  can  endure  fudden  changes  uf  tempera- 
tvtre. 

The  baking  of  pottery  is  alfo  an  olijeft  of  great  importance. 
The  heat  mull  be  capable  of  expelling  huniidit\',  and  afralu- 
tinating  the  parts  which  enter  into  the  compolition  of  the 
pafte^  but  not  ftrong  enough  to  produce  fufion  ;  which,  if  too 
I'ar  advanced,  gives  to  pottery  a  homogeneoulneis  that  renders 
it  brittle.  The  lame  efi'ecl  takes  place  in  regard  to  the  fine 
pottery,  becaufe  the  very  minute  divifion  given  to  the  earths 
reduces  them  nearly  to  the  fame  ftate  as  if  this  matter  had 
been  fufed.  This  is  the  reafon  why  porcelain  ftrongly  baked 
is  inore  or  lefs  brittle,  and  cannot  eafily  endure  alternations 
of  temperature.  Hence  coarfe  porcelain,  in  the  compofitioii 
of  which  a  certain  (jvianiity  ot  calcined  argil  is  employed, 
p<ireelain  retorts,  crucibles,  tubes,  and  eonmion  pottery,  the 
pafte  of  which  is  coarfe,  are  nuieh  lefs  brittle  than  diflies  and 
I'auccrs  formed  of  the  feme  fubftance,  ground  w  ith  more  la- 
Lijur. 

The  general  and  refpcotive  dimenfions  of  the  different  parti 
of  veflels  of  earthen-ware  have  alfo  confiderable  influence 
on  their  capability  to  ftand  the  lire. 

In  fome  cafes  the  glazing  or  covering,  efpeciaHy  when  too 
thick,  and  of  a  nature  diO'erent  from  the  body  of  the  pottery, 
alfo  renders  them  liable  to  break.  Thus,  in  making  fome 
kinds  of  pottery,  it  is  always  elTential,  ifl,  to  follow  the  bell: 
proportion  in  the  principles;  2dj  to  give  to  the  particles  of 
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the  pafte,  by  grinding,  a  minvitenefs  fuited  to  the  purpof? 
for  which  it  is  intended,  and  to  all  the  parts  the  fame  dimen- 
lions  as  far  as  poflible;  3d,  to  carry  the  baking  to  the 
higheft  degree  that  the  matter  can  bear  xvithout  being  fufed  ; 
4th,  to  apply  the  glazing  in  thin  layers,  the  I'ufibility  of 
which  ought  to  approach  as  near  as  poffible  to  that  of  the 
matter,  in  order  that  it  may  be  more  intimately  united. 

C,  Vauquelin,  being  perfuadcd  that  the  quality  of  good 
pottery  depends  chiefly  on  ufing  proper  proportions  of  the 
earthy  matters,  thought  it  might  be  of  importance,  to  thofe 
engaged  in  this  branch  of  manufaclure,  to  make  known  the 
analyfis  of  different  natural  clays  employed  for  this  purpofe, 
and  of  pottery  produced  by  fome  of  them,  in  order  that, 
when  a  new  earth  is  difcovered,  it  may  be  known  by  a  fimple 
analyfis  whether  it  will  be  proper  for  the  fame  obje6l,  and  to 
what  kind  of  pottery  already  known  it  bears  the  greatefl  re- 
femblance, 


HeiTian 
Cr-cibles. 

Argil  of 
Drenx. 

rorce'.rtin 
Capful  es. 

Wedgevvood's 
Pyrometers. 

Si]  ex     -     - 

-       69 

-      43-5 

-      61 

-      64-2 

Argil    -     - 
Lime    -     - 

-     21-5 
I. 

-    33-2 

-    ys 

-  s8 

-  6 

-  25 

-  6 

Oxyd  of  iron 

-      8 

I 

-      o-s 

0-2 

Water    -    - 

_     -     _ 

-   18  . 

_    _    _ 

-    6-2 

Raw  kaolin  100  parts. — Silex  74,  argil  16-5,  lime  2,  wa- 
ter 7.  A  hundred  parts  of  this  earth  gave  eight  of  alum, 
after  being  treated  with  the  fulphuric  acid. 

Wffflicd  kaolin  100  parts. — Silex  55,  argil  27,  lime  2, 
iron  o*5,  water  14.  This  kaolin,  treated  with  the  fulphuric 
acid,  gave  about  45  or  50' per  cent,  of  alum, 

Peluntzc. — Silex  74,  argil  I4'5,  lime  5-5,  lofs  5.  A 
hundred  parts  of  this  fubftancc,  treated  wiili  the  fulphuric 
acid,  gave  feven  or  eight  parts  of  alum.  But  this  quantity 
does  not  equal  the  lofs  fuftained. 

Porcelain  of  retorts. — Silex  64,  argil  28*8,  lime  4*55, 
iron  0'50,  lofs  2*77.  Treated  widi  the  fulphuric  acid,  this 
porcelain  gave  no  alum, 
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XVI.  Eleventh  Communication  from  Dr.  Thornton,  Phy- 
fician  to  the  Mary-le-bone  General  Difpenfary ^  8cc.  See.  &c, 
relative  to  Pncnmatic  Medicine. 

A  REMARKABLE  CURE  OF  AN  ULCER  OF  THE  LEG. 

jVIr.  RODERICK  M^KENNON,  aged  67,  \vent  in  the 
year  1758  as  Aililtant  Apothecary  to  St.  George's  Plofpital^ 
Vvherc  he  had  his  wafhing,  board  and  lodging  fonnd  him, 
with  a  fuitablc  falary.  In  June  1795,  whilft  in  this  employ^ 
he  went  to  fee  Dr.  M'Nab,  who  then  rcfidcd  in  Great  Suffoik- 
ftrect ;  and  as  he  was  at  the  door,  a  bitch  in  the  hpufe,  who 
had  puppies,  furioufly  flew  at  him,  and  feized  him  near  th« 
calf  of  the  leg,  making  a  d.-ep  lacerated  wound.  The  wound 
foon  after  became  dreadfully  inflamed,  poultices  were  applied, 
and  it  was  ntar  a  fortnight  before  he  made  his  cafe  known 
to  the  furgeons  of  the  hofpital.  lie  was  now  confmed  to  his 
room,  and  thefe  mofl  experienced  and  eminent  practitioners 
continued  their  humane  attentions  to  him  above  a  twelve- 
month, trying  a  variety  of  different  applications,  until,  find- 
ing his  cafe  baffle  all  their  endeavours,  he  was  difmiffed  his 
employ,  and  left  the  hofpital  as  incurable.  Added  to  this 
dreadfid  and  unforcfcen  aflliction,  he  had  an  afthma,  which 
had  exifted  on  him  above  ten  years,  and  was  obliged  fre- 
quently to  fit  up  the  oTcatelt  part  of  the  night  with  the  win- 
dows wide  open  to  procure  breath.  He  was  now  in  the  vale 
of  years,  and  with  a  gloomv  profpeft  before  him  ;  for  no 
falarv  was  allowed  this  almoft  fuperannuated  fervant  of  a 
public  charity,  to  which  he  had  been  attached  above  thirty 
years;  and  he  had  a  wife  and  daughter  to  provide  for.  After 
quitting  the  hofpital,  Mr.  Carpue,  a  furgeon  no  lefs  diftin- 
guiflied  for  zeal  than  abilities,  for  fome  months  attended  him ; 
but  finding  all  his  endeavours  ineffectual,  he  reluftantly  took 
his  leave  of  him  as  incurable.  Such  was  the  deplorable  flate 
of  this  unfortunaffe  fufferer,  when  Mr.  Carpue  recommended 
him  for  the  trial  of  the  oxvgen  air,  ufing  thefe  very  expref- 
fions :  "  Poor  Roderick  has  been  under  Mr.  Home's  care," 
(an  eminent  furgeon,  brother-in-law  to  John  Hunter,)  "  in 
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St.  George's  llnrpital,  which  he  left  as  incurable,  aivl  fincg 
tiiider  my  care  for  ieveral  inf)nths  ;  and  fo  Bad  is  his  cafe, 
that  I  am  Turc  if  yo;i  can  cure  him  voii  can  cure  the  devil." 
Being  no  furgeon,  I  could  ha\e  no  wKli  to  accept  of  fuch 
a  cafe  but  for  the  caufe  of  humanity  and  the  fake  of  fcience  ; 
and  I  feci  extreme  delight  iiiy  faying,  that  poor  Roderick  i» 
now  perfectly  cured,  the  ulcer  is  healed,  his  althma  gone, 
and,  in  order  that  the  philofophic  world  may  fee  fuller  par- 
ticulars refpecling  this  extraordinarv  cure,  I  am  happy  to 
be  able  to  add  the  followino;  teftimonies  : 

A  Letter  ti)  Dr.  Thornl^jn.,  f^'^^''^^  -^^^-  CarpuCy  Surge'^n  at  iJii- 
York-H'jfpitat. 

DEAR   SIR, 

I  have  feen  Mr.  M'Kennon,  and  have  examined  his  lep, 
And  think  the  cure  you  have  wrought  on  it  is  indeed  verv 
aftonifliing.  When  he  firft  came  under  my  care,  he  laboured 
under  an  immenfe  ulceration,  extending  from  the  external 
ancle  of  the  right  leg,  which  reached  as  high  as  the  jundlion 
of  the  tendons  of  the  caftrocncmii  and  fola'us  mufcles.  At 
this  period  the  tendons  of  the  peronseal  mufcles  had  ilufiTeJ, 
and  in  confequence  I  applied  charcoal,  which  produced  ver\- 
confiderablc  good  ;  but  upon  mentioning  this  to  a  friend^ 
who  knew  the  cafe  well*,  he  laid,  "  It  was  immaterial 
what  rtmedv  I  ufed,  for  it  was  a  cafe  in  which  he  wa.'^ 
certain  nothing  would  pn>ve  elTeelual."  After  this  I  applied 
the  diluted  nitrous  acid,  and  feemingly  with  advantage;  but 
being  obliged  to  go  into  the  country,  I  left  him  under  tlic 
care  of  another  liirgeon  ;  and  when  I  faw  him,  after  aii 
abfence  of  lix  WL-eks,  1  toimd  the  fore  in  a  \ery  unfavour- 
able condition  ;  and  for  four  months  1  ulcd  diri'erent  applica- 
tions, but  to  no  ])urpoie,  and  I  conceived  the  cafe  now  to 
he  perfeftly  incurable,  and  as  fuch  mentioned  it  to  \(.,w 
when  I  had  the  plcafure  of  meeting  you  at  Mr.  Heaviikle's: 
and  1  then  propofed  him  to  you  for  the  trial  of  the  oxvgen 
air,  as  his  cafe,  if  fuecefsful,  would  prove  moft  decidedly 
iti;  elHeacy;  for,  in  the   nuiltituue  of  loro  legs  I  have  at- 

'■  We  b^licvt  ll.U  t'J  bi-  Di.  liaiicy,  phyficiaa  to  St.  Gcur^t's  Hofjiin!. 
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♦ended,  I  niiift  ackno\^  ledge  I  never  faw  a  wuife  cafe,  old 
AVcll- India  lores  excepted. 

1  have  the  honour  to  be,  Sir, 

Your  obedient  fervant, 

J.  C.  CAKPITE. 

Ilavinc:  Vcfdrred  Mr.  M'Kcnnon  to  INIr.  Spencer,  a  fiirgeon 
in  Charlotte-fircet,  Fitzroy-fquarc,  who  adminifteri  the  pneu- 
Jnatie  remedies,  I  reeeived  the  following  letter : 

A  Letter  to  Dr.  Thornton  from  JSIr.  Spencer. 

sin, 

I  here  enclofe  the  treatment  and  the  progreflive  eiire  of 
the  uleer  which  occupied  the  external  ancle  of  the  right 
leg  of  Mr.  M'Kennon.  For  fix  weeks,  by  your  direclion, 
he  daily  took  a  gallon  of  oxvgen  air,  mixed  with  four  time* 
that  quant'rty  of  atniofphcric  air.  The  ulcer  difcharged  pror- 
periy,  but  feemcd  to  heal  very  flowlv  :  in  confequence  \  gave 
him  a  double  dofe,  and  aftvr  a  fortnight  it  produced  very 
feverifli  Ivmpronis,  when  he  took  by  your  order  fomc  pur- 
gatives, and  then  he  refumed  his  ufual  dofe  of  fuperoxyge- 
jiated  air  dailv,  until  the  ulcer,  diminifiiing  by  degrees,  was 
at  laft  complcteiv  iiealcd,  there  being  no  difcharge,  the  whole 
ricatrifing,  and  the  new-formed  furface  looking  extremely 
healthv.  During  this  period  no  particular  application  or 
drellings  werejnade  ufe  of  bv  me,  nor  unv  medicine  directed 
by  you,  but  what  before  he  faid  he  had  taken  gallons  of;  lo 
that  I  attribute  liis  extraordinary  cure  entirely  to  the  efficacy 
of  the  oxvgen  air.  Happy  in  l)eing  able  to  give  mv  teftimony 
to  fo  remarkable  a  cafe,  I  Ijave  the  honour  to  be,  dear  Sir, 
With  the  profoundeft  refpeft, 

Your  obedient  humble  fervant, 

T.  SPKNXER. 

RKMAUKS    BY    DR.  THORNTOX. 

As  Mr.  M'Kennon  took  bark,  fonie  of  the  Faculty  mav 
not  be  williim  to  give  to  the  oxygen  air  the  merit  in  tins 
cure;  I  will  therefore  endeavour  to  ftate  fliortly  niv  realons 
for  attributing  <n-cr\'  thing  to  this  new  remedv. 

I.  The^ 
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1.  The  operation  of  bark  had  been  before  tried  ;  he  had 
taken,  he  faid,  gallons  of  it. 

2.  When  I  firit  faw  him,  the  fore,  and  mufcles  furround- 
ing  it,    were  wholly  infenfible;    he   did  not  feel   a  needle- 
'piercing  them,  nor  could  he  perceive  even  the  corrofivc  ope- 
ration of  canftic. 

3.  After  inhaling  the  vital  air  but  a  few  days,  fenfibihty 
was  reftored,  as  both  Mr.  M'Kennon  and  Mr.  Carpuc  wit- 
nefled. 

4.  Having  cleanfed  the  wound,  it  would  remain  dry  ;  but 
even  whilft  inhaling  the  vital  air,  the  whole  furface  was  im- 
mediately covered  with  a  fine  dew,  as  Dr.  ISIonro  and  others 
witncfled, 

5.  To  flicw  the  progrcfs  of  amendment  whilft  inhaling 
the  fuperoxygenated  air,  I  am  happy  to  be  able  to  lay  before 
the  philofophic  world  the  following  teftimony  of  an  impartial 
obferver.  Dr.  Douglas  of  Baliol-College,  Oxford: 

''"  Towards  the  middle  of  March  1798,  I  firft  faw  Mr. 
M'Kennon.  He  had  then  a  large  and  very  foul  ulcer,  ex- 
tending fome  inches  above  the  right  ancle.  From  that  time 
to  the  prefcnt  (April  30)  I  have  repeatedly  feen  him,  and 
'  each  time  could  not  pLffiblj  fail  to  he  Jcnjihle  of  a  moji  manlfejl 
impro'vement.  At  prefcnt  the  ulcer  u  dim'in'ijhcd  at  leajl  one- 
half  in  fixe  Jince  Ijirjlj'aiu  him ;  the  edges  have  a  fine  healthy 
appearance,  and  its  general  furface  is  aftonifliingly  altered 
for  the  better." 

6.  When  the  oxygen  air  was  left  off,  the  fore  remained 
ftationary,  and  vifdjiv  nnproved  when  he  again  refumed  it. 

7.  My  ftrongeft  argument,  however,  is  the  fuccefs  in  this 
and  in  other  cafes  equally  defperate. 

Mr.  Munt  had  been  before  cured  of  a  fore  leg  of  eighteen 
years  ftanding. 

Mr.  Atwood  was  cured  of  a  fore  leg  of  two  years.  When 
I  afked  Mr.  Cruikfnank  whether  it  was  true  he  had  con- 
demned the  leg  ?  he  anfwered,  with  his  ufual  emphafis,  "  I 
not  only  condemned  his  leg,  but,  his  life;  for  he  was  of  fo 
waftiy  a  confiitulion  that  he  could  not  haJve  loft  the  one 
without  the  other." 

Next  the  cure  of  Pattcrfon.  When  I  font  him  to  fhew 
9  his 
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his  leg  to  Mr.  Cruikfliaiik,  which  ftill  poireffcs  the  marks  of 
nuuKTous  ulcers,  feeing  varic  )fe  veins,  this  experienced  fur- 
geoa  faid :  "  Tell  Dr.  Thornton  that  he  is  niiltaken  if  he 
fuppofcs  he  has  made  a  permanent  cure  ;  for  varicofe  ulcers 
were  never  cured  without  an  operation,  which,  if  he  wiflies, 
I  will  perform."  The  man,  frightened  at  firft,  and  then  aRo- 
niflied,  replied  :  ^  Sir,  I  have  been  cured  perfecil}'  now  thefe 
three  years.' — "  That  alters  the  cafe,"  aufvvers  this  dUtin- 
guiflied  anatomift;  *'  theu  icll  Dr.  Thornloi  that  he  has  per- 
formed a  mod  wonderful  cure." — Patttrfonfttll  continues  well; 
nor  does  there  feem  the  fmallcu  caufe  to  fufpeft  a  relapfe. 

The    cure    of    Mr.   Wilkinfon  *,   who   had   a  fore    leo- 

clve  years,  is  not  lefs  extraordinary^  In  this  cafe  I  ob- 
j .;  vcd  a  peculiar  phenomenon,  alone  explicable  by  the  ope- 
ration of  the  oxygen  air.  The  fingers  of  both  hands  at  their 
ends  looked  very  red,  as  red  as  raw  meat,  were  fwollen,  and 
iclt  very  painful.  The  fame  was  mentioned  to  me  in  private 
converfation  by  Dr.  Beddoes  in  a  patient  of  his,  who,  finding 
an  afthma  relieved  by  a  fmall  dofe  of  vital  air,  took  as  much 

he  could  at  one  time,  produced  a  fever,  and  this  fame  phe- 
.  .menon  I  havejufi;  mentioned  above. 

This  leads  me  to  repeat  an  obfervation  I  have  before  often 
{•xpreflTed,  that  oxygen  air  promifes  to  be  an  ufeful  remedy 
:n  fore  legs ;  for  whv  have  we  not  fore  arms  ?  The  nearnefs 
:  this  part  to  the  heart  fcems  10  be  the  only  philofopiiic 
iLafon;  and  therefore  a  direft  powerful  ftimulus  to  the  heart, 
as  oxygen  air,  promifes  the  moft;  certain  good,  aided  by  the 
invigorating  effe6ls  of  bark,  fteel,  and  other  tonic  medicines; 
i.ot  but  that  I  v.ould  advife,  where  it  can  be  properly  done,  as 
1:!  hofpitals,  trials  to  be  made  with  the  vital  air  without  me- 
dicine, to  prevent  all  cavil ;  although  it  is  undoubtedly  un- 
important to  the  fuffercr  by  what  means  he  is  treated,  fo  that 
he  is  but  cured;  and,  until  the  contrary  is  proved,  I  fiiall 
ever  think,  that  niedicines,  judicioufly  emploved,  certainly- 
cannot  impede  the  operation  of  oxvgen,  but  may  nlJiJl. 

I  now  take  my  leave  of  the  philofophic  world,  not  from 
dearth  of  materials,  for  I  have  cures  by  me  yet  more  im- 

■\The  cafes  of  Mr.  Mnnr,  the  Rev.  Mr.  Atwcxjd,  Patterron,  snd  Mr, 
T'.  likiulun.  arc  related  in  Dr.  iiciiJoes's  Con fiJc rations  on  Faftitiius  Air?. 
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portnnt  than  thofc  before  rclatv-^d  by  me,  that  dcffne,  I  iJiiiik., 
t(;  be  recorded;'  and  dailv  experience,  in  a  large  public  eli.tri- 
ty  *,  where  the  airs  are  adniiniitered  under  my  direeiion, would 
afford  me  other  frequent  opportunities;  but  according  to  mv 
yromife,  mentioned  in  my  firft  communication,  I  was  to  con- 
tinue writing  on  this  fubjecl  only  until  tlie  ertablifliment  of 
the  Pneumatic  lufiitution  under  Dr.  Beddoes,  which  I  am 
happv  to  aimounce,  and  that  fliortlv  the  public  may  expect 
a  periodical  quarterly  publication,  relating  chicliv  to  this  im- 
portant inveftigation,  from  the  mafterly  pen  oi  that  eminent  ''t' 
phyfician. 
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MISCELLANEOUS   ARTICLES. 
LEARNED    SOCIETIES. 

GEEMAXY. 

A.  HE  Eleftoral  Academy  of  Sciences  at  Manheim  has 
propofed  the  following  queftion  as  the  fubjecl  of  a  prize  foff 
the  year  1801 : — 

"  Are  the  azotic  (jUck)  gafes,  which  arc  ])roduccd  from  To 
manv  totally  diflimilar  fubllances,  and  in  ways  fo  different, 
cxa6l!v  the  fame  in  all  their  chemical  properties  and  bafes 
(fimple  azotic  gafes,)  with  that  of  the  atmol'phcre?  and  has 
the  nitrous  acid  the  fame  azote  for  its  acidifying  bafe,  as  the 
atmofi^hcric  azotic  gas } 

''  The  p:^rtizariS  of  the  antiphlogiftic  do(?trine  feem  to 
admit  both,  l)ut  without  fatisfaclory  proof,  i.  Since,  for 
waiit  of  fufiiciently  accurate  examination,  they  admit  io 
each  of  thefe  irafes  all  the  known  properties  of  azotic  gas, 
becaufe  ihev  deitroy  animal  lilc,  exlinguifti  flame,  and  mar 
Rifell  no  add  properties:   but,  2,  after  all  their  analytic  ancj 

•  Tiic  Mary-lc-bont  Gtncral  Difj-tnfary. 
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fyi\U)ellc  proofs,  they  have  dill  left  well-founded  doubts, 
{a)  whether  the  t-leCtric  fpark,  in  its  paflage  through  oxy- 
gen or  azotic  gas,  does  not  itfelf  undergf)  a  cheuiical  de- 
conipofition,  and  furnifh  the  bafis  of  the  nitrous  acid ; 
(/•)  and  how,  bv  the  fame  means,  (a  red  heat,  and  the  elec- 
tric fpark,)  the  nitrous  acid  is  decompofed  into  oxygen  and 
azotic  gafes,  and  can  be  again  rccompofed  from  them;  and, 
(c),  fince  oxygen  and  azotic  gafes  have  fo  great  an  affinity 
for  each  other  in  the  atmofphere,  why,  when  the  former  is 
added  in  a  fufficicnt  OjUantity,  imperfeft  nitrous  acid  is  not 
immediately  produced,  as  is  the  cafe  when  oxvgen  gas  is 
added  to  the  azote  in  nitrous  gas,  by  which  perfect  nitrous 
acid  is  immediately  produced  ? 

"  Tlie  papers  on  this  fubje6l,  written  either  in  Latin  or 
French,  muft  be  tranfmilted  before  the  ill  of  November  1 800, 
to  M.  T.  Kenedy,  fecretary  to  the  academy,  with  the  name  of 
the  author,  in  a  fealed  note,  and  any  motto  chofen  at  piea- 
fure.     The  prize  is  a  gold  medal,  of  the  value  of  50  ducats." 

HOLLAND. 

The  Dutch  Society  of  the  Sciences  at  Haerlem  propofed 
in  1793,  ^"'^^  afterwards  in  1796,  the  following  queftion : 
*'  What  light  has  Lavoificr's  f\  ftem,  and  his  method  of  exa- 
mining organic  fubllauccs,  furniihed  towards  a  more  accu- 
rate knowledge  of  the  human  body?"  But,  as  no  fatifeflic- 
tory  anfwer  vi-as  received,  thcv  have  propofed  it  again  in  the 
followino:  manner : — 

I.  As  a  great  number  of  new  difcoveries  have  been  made 
fince  the  queftion  was  firft  propofed,  and  as  the  circumllances 
of  it  have  thereby  acquired  more  extent  than  to  admit  of 
their  being  properly  comprehended  in  a  fingle  treatife,  the 
Society  ha\  e  rcfolved  to  divide  the  different  objects  of  it  into 
tliree  new  qucftions  for  the  prefent  year,  and  to  lix  the -period 
of  receiving  anfvvcrs  at  the  ift  of  November  .1800. 

1.  What  light  has  the  new  chcmiftiy  thrown  on  the  phy- 
fiology  of  the  human  body? 

2.  How  far  has  the  light,  thrown  on  the  phyfiology  of  the 
human  body,  contributed  to  a  better  knowledge  than  before 
of  the  nature  atid  caufcs  of  certain  difeafes ;  and  what  ufcful 

Vol.  V.  Q  q  cjafe- 
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confequences,  more  or  lofs  confirmed  by  experience,  can  be 
deducfd  from  it  in  regard  to  the  practice  of  medicine  ? 

3.  How  far  has  the  new  cliemiftrv  contributed  to  afford  an 
accurate  idea  of  the  mode  of  aftion  of  different  internal  and 
external  medicines,  which  have  been  long  ufed,  or  only  lately 
recommended  ?  And,  what  advantages  can  arife  from  a  more 
accurate  knowledge  of  this  point  in  regard  to  the  treatment 
of  certain  difcafes  ? 

As  fome  learned  men  have  introduced  hvpotbefes  built  on 
too  weak  a  foundation,  in  regard  to  the  application  of  the 
pri""nciplcs  of  the  new  chemiltry  to  phyfiology,  patholoi;y, 
and  therapeutics;  and  as  this  is  hiohly  prejudicial  to  the 
progrefs  of  thcfe  fciences,  to  which  the  new  chemillry,  how- 
ever, promifes  fo  much  light,  if,  according  to  Lavoifier's  rule, 
we  admit  nothing  in  chemillry,  or  the  employment  of  che- 
mical principles,  but  what  is  founded  on  decifive  experiments, 
the  Society  requires,  that  thofe  who  are  inclined  to  anfwer 
thefe  (jucltions  will  make  an  accurate  diftinftion  between 
\vhat  is  proved,  and  v^hat  is  merely  hypothetical ;  and  that, 
in  regard  to  hypothefes,  the  candidates  will  confine  them- 
felves  to  a  bare  mention  of  them,  and  of  the  few  grounds  on 
which  they  reft ;  becaufe  the  principal  point  which  the  So- 
ciety willies  to  obtain  is,  that  thofe  who  follow  the  medical 
or  cbirurgical  profcflion  in  Holland,  and  who  are  not  yet 
fufBciently  acquainted  with  the  progrefs  of  the  new  chemif- 
try,  and  its  application,  on  well-founded  principles,  to  phy- 
fiology, pathology  and  therapeutics,  will  procure  fucli  works 
as  may  be  beft  calculated  to  inform  them  what  light  the  new 
chcmifiry  has  a6lually  thrown  on  thefe  fciences ;  and  what; 
fa6ls  are  founded  on  too  weak  grounds ;  and  what  have  been 
too  raflily  adopted,  or  are  Itill  too  doubtful  to  be  depended 
on.  Each  of  thefe  papers  will  be  examined  feparately :  thofe, 
therefore,  who  willi  to  anfwer  more  than  one  queftion,  muft 
fend  a  paper  for  each. 

II.  The  Society  requires  a  plan,  capable  of  being  earned 
into  execution,  for  rendering  productive  the  large  unculti- 
vated diftrifts  of  the  republic,  particularly  ia  Guelderland, 
Overvffclj  DrcnnthCj  aud  Dutch  BrabanU 
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III.  The  following  prize  qucftions  arc  again  propofeci : — 

1.  A  natural  hi'tory  of  the  whale;  in  order  to  furnifh 
hints  for  its  being  more  eafily  difeovcred  and  eaught,  and 
afterwards  converted  to  ufe.  This  queflion  to  be  anfwgred 
before  the  lil  of  November  1803. 

2.  What  has  experience  taught  in  regard  to  the  ufe  of  cer- 
tain animals  which  in  the  Netherlands  appear  to  be  hurtful ; 
and  what  means  are  to  be  employed  for  extirpating  them  "r 
For  this  queltion  no  period  is  defined. 

3.  What  indigenous  plants,  the  virtues  of  which  have 
been  hitherto  unknown,  might  be  employed  in  the  apothe- 
caries fliops  in  Holland  to  fiipply  the  place  of  foreign  medi- 
cines? The  virtues  of  them  mult  be  eliablilhed,  not  by  fo- 
reign teftimony,  but  by  the  teftimony  of  natives  of  tire  coun- 
trv. — The  time  for  anfwering  this  qr.efiion  is  indefinite. 

4.  What  indigenous  plants,  not  yet  employed,  might  be 
introduced  into  ufe  as  good  and  cheap  iood  ?  And,  what  for- 
reign  nutritive  plants  might  be  cultivated  for  the  f;mie  pur- 
pole  ? — No  definite  time. 

FOSSIL  WOOD    FOUND   AT   A   GREAT   HEIGHT. 

In  a  paper  lately  read  before  the  French  National  Inftitute, 
it  appears  that  C.  Villars,  ProfelTor  of  Natural  iliftorv,  of 
Grenoble,  faw,  near  a  glacier  in  the  department  of  Ifere,  fomc 
follil  Vvood  buried  among  turf  at  the  height  of  2320  mcti-e.-* 
above  the  level  of  the  fea,  and  850  metres  abov<-  the  mod 
elevated  line  ^t  which  wood  grows  at  prefent.  The  nioun- 
fain  on  which  this  intcre(i-ing  difcovery  was  made,  is  that  of 
Lans,  in  the  canton  of  Oilans.  The  trees  found  there  are, 
i^iountain-alh,  birch,  and  the  common  larch.  The  roots  and 
part  of  the  trunks  can  be  plainly  diftinguilbcd.  The  laft  of 
thcfe  trees  does  not. grow  at  prefent  in  the  neighbourhood. — 
The  author  of  this  memoir  aferibes  the  greater  degree  of  cold, 
which  now  prevails  on  thcfe  mountains,  to  two  principal 
caufes:  firlt,  the  valleys  becoming  deeper,  which  Was  changed 
the  elevation  of  the  fummits  in  regard  to  their  bafes  and  the 
flirroundipg  countries :  the  fecond  is  tlie  deftruction  of  the 
ancient  forefts,  which  had  gradually  extended  thcmfelves  tq 
great  heights,  but  which,  v.  hen  once  deft  roved,  cannot  grow 
Q  q  3  up 
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up  again  at  the  fame  heifrhis,  bccaufe  the  trees  arc  deprived 
of  thai  mutual  fhclter  which  ihey  afforded  to  eaeh  other. 

NEW  THEOTIY  OF  RESPIRATION. 

Profeflbr  Herholdt  read  lately,  before  the  Academy  of  Sci- 
ences at  Copenhagen,  a  memoir  refpecting  fome  experiments 
made  by  him  and  M.  Rafn  on  living  animals,  in  order  to 
difcover  the  mechanifm  of  refpiration 3  having  in  view,  at  the 
fame  time,  the  cure  of  w'^ouhds  in  the  breaft.  The  profcffor 
iliewed  that  the  befl  authors  o'rt  furgery  have  hitherto  explained 
the  mecbanifin  of  refpiration" in  a  manner  diametrically  op- 
pofite  to  what  it  really  is ;  fo  that,  by  applying  their  theory 
to  the  cure  of  wounds  in  the  breaft,  they  have  followed  a 
method  altogether  falfe.  According  to  his  experiments  the 
lungs  liave  not,  as  has  been  maintained,  an  expanfive  force 
peculiar  to  them,  but  the  movement  is  performed  by  the 
action  of  the  diaphragm,  to  which  fufficient  attention  has 
not  hitherto  been  paid.  When  there  are  wounds  in  the 
breaft,  the  atmofpheric  air  enters  by  them  on  infpiriug  into 
the  cavities  of  the  thorax,  and  iffues  on  expiring.  This  has 
been  proved  by  experiments  made  on  hcrfes,  dogs  and  cats. 

M.  Herholdt  and  Rafn,  in  examining  the  manner  in  which 
the  frog  breathes,  remarked,  that  this  animal  is  without  a 
diaphragm,  and  that  its  lungs  at  the  fame  time  have  no  ex- 
panfive  force ;  but  that  a  fmall  membrane,  by  means  of  which 
if  can  fliut  its  mouth  hermetically,  dil'cliargcs  the  fun6lion  of 
the  diaphragm  ;  fo  ti)at,  when  it  is  prevented  from  fliutling 
its  mouth  bv  inferting  into  it  a  fmall  rod,  the  animal  dies  in 
a  few  minutes,  becaufe  it  is  no  longer  able  to  breathe.  When 
it  is  fuifercd  to  fliut  its  mouth  before  it  is  entirely  dead,  or 
when  it  is  only  in  a  flate  of  afphyxia,  it  foon  recovers.  If  i^ 
frog  be  deprived  of  this  membrane,  by  cutting  it  entirely  oiT, 
or  only  in  part,  fo  that  its  mouth  can  no  longer  be  herme- 
trically  (hut,  it  expires  in  a  longer  or  fhorter  time  according 
to  the  fize  of  the  aperture  made  :  on  the  firft  view  it  appears 
tery  paradoxical  that  man,  as  well  as  the  greater  part  of  ani- 
mals, lofcs  his  life  by  not  being  able  to  breathe  when  his 
mouth  and  nofe  are  fhut,  and  that  the  frog  dies  becaufe  it 
cannot  breathe  when  its  mouth  is  opened.    The  explanatioa 
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of  tills  phenomenon,  however,  is  eafy  when  wc  rccollcft  that 
the  lungs  have  no  expanfivc  force.  In  confcciucnce  of  this 
new  theory,  M.  Hcrholdt  has  fnccccdcd  in  curing  very  dan- 
gerous wounds  made  in  the  hrcnfts  of  dogs. 

The  ahovc  experiments,  which  were  communicated  to  the 
Philoniatic  Society  at  Paris,  by  M.  Manthey,  were  repeated 
with  fucccfs,  by  the  commiflioners  of  that  Society,  on  frogs 
and  falamanders.  If  a  gag  be  put  into  the  mouth  of  one  of  thefe 
animals,  fo  as  to  prevent  it  from  fluitting  its  mouth,  it  dies  at 
the  end  of  half  an  hour.  The  refpiratiou  is  performed  as  fol- 
lows : — The  mouth  being  abfolutely  fhut,  the  frog  dilates  its 
throat,  and  the  air  ruihcs  in  by  the  nottrils ;  it  aftervi'ards 
contracts  its  throat,  and  the  air  penetrates  to  the  lungs,  be- 
caufe,  no  doubt,  there  is  a  fmall  valve  in  tliC  noftrils  which 
prevents  it  from  efcaping  by  the  fame  way  that  it  eqitcred  ; 
for  the  membrane,  which  the  Danifli  authors  aflert  thi^y  ob- 
fervcd  in  tlii  mouth,  could  not  be  fcen  by  the  commiffioncrs. 
Lizards  and  fcrpents,  which  have  ribs,  breathe  like  other  ani- 
mals; and  a  forced  opening  of  the  mouth  does  not  kill  them. 

MEDICAL  PNEUMATIC  INSTITUTION. 

All  who  with  v.ell  to  the  interefts  of  humanity  will  rejoice 
to  learn  that  this  inftitution,  as  ufeful  as  novel,  is  at  lafl  fo 
far  eftablinicd  that  there  is  every  rcafonable  ground  to  believe 
the  objefts  of  it  will  now  receive  that  ample  and  fair  invefti- 
gation  their  importance  demands.  The  learned,  ingenious, 
and  meritorioufly  perfevering  founder  of  it,  has  already  pub- 
liflied  a  Notice  of  Ohjcrvat'ions  made  at  the  Injl'itution,  which 
contains  fome  highly  interefting  remarks  on  the  cffecls  of  a 
gas  not  before  applied  to  medicine,  but  which  promifes,  in 
Ikilful  hands,  to  be  one  of  the  fafeft  and  moft  powerful  agents 
hithcrtb  difcovcrcd. 

Mr.  Davv,  fupciintendant  of  the  inftitution,  than  whom  it 
would  hardly  be  poffible  to  find  one  better  OjUalified  for  the 
fituation,  having  made  fome  experiments  on  dcphlogijVicatcd 
nitrous  gas,  fo  named  by  its  difcoverer  Dr.  Pricftley,  which 
proved  that  its  composition,  properties,  and  mode  of  aclion, 
had  been  miftaken  by  the  lateft  c;;perimenters,  was  induced 
7  to 
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to  inhale  it.     Dr.  Beddocs  relates  the  circumdanccs  in  the 
following  words  : 

^*  The  firft  infoiratlons  of  the  gas  produced  giddinefs,  ful- 
nefs  of  the  head,  and,  in  fhort,  feelings  refenibling  thofe  of 
incipient  intoxication,  but  unaccompanied  by  pleafurable 
fenfation.  At  this  next  experiment  I  was  prefent.  The 
quantity  was  larger,  and  the  gas  more  pure.  The  fcene  ex- 
hibited was  the  moft  extraordinary  I  had  ever  witnefTed,  ex- 
cept in  the  cafe  of  that  epileptic  patient,  whom  I  have  dc- 
fcribed  {Confiderat'ions  on  Airs,  part  iv.  p.  13.)  as  agitated,  in 
confequence  of  the  refpiration  of  oxygen  gas,  with  a  longfuc- 
ceffion  of  the  moft  violent  movements.  The  two  fpeclaeles 
differed,  indeed,  cfTentially  in  one  refpeft.  In  the  former 
every  thing  was  alarming :  in  the  latter,  after  the  ^\x^\.  mo- 
ments of  furprize,  it  was  impoffible  not  to  recognize  the  ex- 
preffions  of  the  moft  ecftatic-pleafure.  I  find  it  entirely  out 
of  my  powder  to  paint  the  appearances,  fuch  as  they  exhibited 
themfelves  to  me.  I  faw  and  heard  Ihouting,  leaping,  run- 
ning, and  other  geftures,  which  may  be  fnppofed  to  be  exhi- 
bited by  a  perfon  who  gives  full  loofe  to  feelings  excited  by  a 
piece  of  joyful  and  unlooked-for  news.  As  in  the  cafe  of 
the  epileptic  patient,  no  wearinejs  or  dcprejjlon  folhwed ;  fo, 
in  this  cale,  no  cxhaujl'ion  or  languor  or  uneajy  feeling  took 
place.  The  experiment  Mr.  Davy  has  very  frequently  re- 
peated, and  generally  with  the  higheft  pleafurable  fenfiitions; 
and,  except  under  particular  circumftances,  with  confiderable 
mufcular  exertions,  which  have  not  in  any  inftance  bccnfuc- 
ceeded  by  fatigue  orfadnefs." 

A  number  of  perfons  afterwards  inhaled  the  fame  gas :  the 
fx;Ilowing  extracts  will  convey  fome  idea  of  the  very  fingular 
efie<Sls  produced  by  it : 

**  Mr.  J.W.Tobin  (after  the  firft  imperfeft  trials),  when  the 
air  was  pure,  experienced  fometimes  fublimc  emotions,  with 
tranquil  geftures  ;  fometimes  violent  mufcular  action,  with 
fcnfations  indefcribably  exquifite  ;  no  fubfequent  debinty — 
no  exhauftion.-r-Hls  trials  have  been  very  nunjeror.s.  Qf 
late  he  has  felt  only  fedate  plcafure.  In  Mr.  Davy  the  efre»!:l 
\^  not  diminiflied, 

Mrs. 
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'•^  Mrs.  Bcddocs — Pretty  uniform  pleafurable  fenfatlons — 
propcnlity  to  mufcular  exertion,  could  walk  much  better  up 
Clifton  Hill — has  frequently  feemed  to  be  alcending  like  a 
balloon,  a  feeling;  which  Mr.  Burnet  ftrongly  exprefled. 

'^  Mr.  James Thomibn.  Involuntary  laughter — thrilling  in 
"his  toe-)  and  lingrers — exquifite  fenfcitions  of  pleafure — a  pain 
in  the  back  and  knees,  occafioned  by  fatigue  the  day  before, 
■recurred  a  few  minutes  afterwards.  A  fimilarobfervation  we 
think  we  have  made  on  others ;  and  we  impute  it  to  the  un- 
doubted power  of  the  gas  to  increafe  the  feniibility,  or  nervous 
power,  beyond  any  other  agent,  and  probably  in  a  peculiar 
manner. 

*'  Mr.  Stephen  Ilammick,  Surgeon  of  the  Royal  Hofpital, 
Plymouth.  In  afmall  dofe,  yawning  and  languor. — Itfliould 
be  obferved,  that  the  firft  lenfation  has  often  been  difagree- 
able,  as  giddinefs ;  and  a  few  perfons,  previoufly  apprehen- 
live,  have  left  off  inhaling  as  foon  as  they  felt  this. — ^Two 
larger  dofes  produced  a  glow,  unrefLrainable  tendency  to 
mufcular  a6lion,  high  fpirits,  and  more  vivid  ideas. 

"  Mr.  Robert  Southey,  for  manv  hours  after  the  experiment, 
imagined  that  his  tafte  and  fmell  were  more  acute,  and  is 
certain  that  he  felt  unufually  ftrong  and  cheerful.  In  a  fe- 
cond  experiment,  he  felt  pleafure  Hill  fuperior — and  has  fincc 
poetically  remarked,  that  he  fuppofes  the  atmofphere  of  the 
'  higheft  of  all  poffible  heavens  to  be  compofed  of  this  gas. 

"Robert  Kingleake,  M.D.  Additional  freedom  and  power 
of  refpiration,  fucceeded  by  an  almoft  delirious  but  highly 
pleafurable  fenfation  in  the  head,  which  became  univerfal, 
with  increafed  tone  of  the  mufcles.  At  laft  an  intoxicating 
placidity  abforbed  for  five  minutes  all  voluntary  power,  and 
left  a  cheerfulnefs  and  alacrity  for  feveral  hours.  A  fecond 
ft ronger  dofe  produced  a  perfeft  /r^wc^  for  about  a  minute; 
then  a  glow  pervaded  the  fyftem.  The  permanent  effects 
were,  an  invigorated  feeling  of  vital  power  and  Improved 
Ipirits.  .  By  both  trials,  particularly  by  the  former,  old  rheu- 
matic feelings  fecmed  to  be  revived  for  the  moment. 

"Mr.Wedgwood,  after  breathing  fome  time,  threw  the  bag 
from  him,  kep^breathing  on  laborioufly  with  an  open  mouth, 

•  holding 
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holding  his  nofe  with  his  left  hand*  without  power  to  take  it 
away,  though  aware  of  the  kidicroufnefs  of  his  fitualion — all 
his  mufcles  feemcd  to  be  thrown  into  vibratory  motion — he 
had  a  violent  inclination  to  make  antic  geftures — feemed 
lighter  than  the  atmofphcre,  and  as  if  about  to  mount.  Be- 
fore the  experiment,  he  was  a  good  deal  fatigued  after  a  very 
long  ride,  of  which  he  permanently  loft  all  fcnfe.  In  a  fc- 
cond  experiment  nearly  the  fame  effj(9;s,  but  with  Icfs  plea- 
fure.     In  a  third,  much  greater  pleafurc." 

The  cafes  in  which  its  effe6ls  were  prejudicial  are  alfo 
ftated  with  great  candour.  Thefe  were  of  the  hvfterlcal  kind  ; 
but  the  confederation  of  the  whole  of  thcfe  phenomena  led  to 
a  happy  application  of  the  gas  to  the  cure  of  palfy,  and  of  dif- 
eafcs  proceeding  from  a  dcfocl  of  nervous  energy ;  and  fevc- 
ral  inllances  of  fuccefs  are  Hated,  which  are  well  deferving 
of  attention. 

*'  We  defire  further,"  fays  the  author,  ''  to  try  the  effeAs  of 
our  new  agent  in  palfy,  and  in  the  various  cafes  of  true  deficiency 
of  nervous  power,  which  we  have  well  learned  to  diftinguifli 
from  cafes  of  relative  defeft  of  irritable  power.  As  the  limits 
of  the  efficacy  of  iiMcry  remedy  ought  to  be  determined,  we 
f hall  not  fli rink  from  any  cafe,  by  rcafon  of  its  inveteracy.  We 
intend  to  oppofe  our  Nepenthe  to  the  equable  decay  induced 
by  time  and  intemperance  ;  and  we  hope  to  palliate  fome  of 
the  evils  of  extreme  old  age  itfelf. 

*'  We  arc  emboldened  by  experience  to  pledge  ourfelves  for 
the  fafe  emplovment  of  the  gas.  A\'e  lliall,  indeed,  be  fadly 
difappointed  if  it  do  not  fometimes  prove  the  nioft  delicious 
of  lux'.iries,  as  well  as  the  mod  falutary  of  remedies.  In  fay- 
ing this,  it  may  be  allov/ed  me  to  fuggeft  to  thofe,  who  have 
not  attended  to  the  tenor  of  my  opinions,  that  I  now  for  the 
firft  time  venture  to  hold  forth  thele  hopes.  However  ur- 
gently I  may  have  recommended  the  invefilgatlon,  my  lan- 
guage, with  regard  to  its  ifl'ue,  has  always  been,  that  /  m-ould 
not  anpwer  for  the  difcovery  of  a  gafeoiis  remedy  in  aiiy  denomi- 
7iation  %vhatcver  of  dlfeaf.  That  natural  or  forced  decay  viay 
he  repaired,  and  the  faculty  of  fleafurahlc  feufation  renovated, 

*  Tiiis  was  praftifed  in  all  the  expcrinieuls. 
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;s  now  no  lon<Ter  a  mere  conjcfture  fupportixl  by  loofc  analo- 
gies— wc  fee  the  ftrongefl  probabilities  daily  aecuniulating  in 
fiivour  of  the  ojiinion.  It  mull  only  be  remembered,  that  io 
dcfirable  a  elianoc  cannot  be  elTecled  by  the  agent  applied  in 
itiij}!  nianner  to  ajiy  conititution.  It  mull  ho.  properly  ufcd  in 
proper  cafes. 

"  Confiderlng  the  prefcnt  abundance  of  expert  cliemids,  we 
cannot  prefume  that  otliers  will  not  be  able  to  prepare  the 
gas  perfcirlly  without  our  inftruclions.  Nevcrthelefs,  thofe 
who  attempt  to  ufe  it  medicinally  fliould  be  apprized  that  the 
utmofl  care  is  neceflarv  in  its  preparation  and  employment. 
A  deleterious,  inflead  of  a  falutary  fluid,  as  the  author  caa 
attefl  from  his  own  painful  experience,  may  eafily  be  obtained. 
Probably  neither  Dr.  Prieftley,  nor  the  Dutch  chemlfts,  ever 
procured  that  which  can  be  refpired  with  fafety.  The  differ- 
ence, and  its  caufes,  will  hereafter  be  pointed  out. 

"  If,  therefore,  in  confequence  of  that  promptitude  which 
journals  afford,  experiments  tending  to  invalidate  any  part  of 
the  preceding  ftatement  (liould  be  publifhed,  we  hope  that  its 
perfe6l  fidelity  will  not  on  that  account  be  doubted.  The  ex- 
perimenter will  be  found  to  have  employed  a  different  agent 
from  ours.  This  we  have  no  hefitatlon  in  declaring  that  we 
fliall  be  able  to  (hew." 

From  the  preceding  fliort  extraCls,  our  readers  will  fee  what 
an  interefting:  field  is  opened  for  the  advancement  of  phyfio- 
logy  and  medicine;  and  we  hope  tiiat  feme  will  be  induced 
to  aflift  an  inftitution,  which  ought  not  to  be  confounded 
with  ordinary  charitable  foundations.  It  is  eftabliflicd  for  the 
fake  of  relieving  from  a  fpeeies  of  diilrels,  from  which  no  de- 
gree of  affluence  can  excuipt — namely,  that  which  arifesfroni 
•the  imperfect  il ate  of  medicine,  Subfcriptions  arc  received 
by  Mr.  Couts,  Banker,  Strand,  London  ;  and  by  Mr.  Savery, 
]3ankcr,  Briftol. 

CHROMAT    OF    IROK. 

C.  Pontier,  correfpondcnt  to  the  Jvumal  Jcs  J^Iinrs, 
tranfmitted  lately  to  the  Cabinetof  the  [foufeof  Inflruftion, 
amonff  other  intereftins;  minerals,  a  fubflance  in  an  irrecrular 
niafs,  of  a  dark  brown  colour,  having  a  metallic  fpleudour 
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and  mean  hardncfs,  the  fpecific  gravity  of  which  was  found 
to  be  4'0326.  C,  Pontier  found  it  in  the  department  of 
Var,  a  la  Baftide  de  la  Carrade,  near  Gaflin,  and  confidered 
it  as  the  brown  blende,  to  which  indeed  it  has  a  confidcr- 
able  degree  of  refemblance,  except  ^hat  its  fpecific  gravity 
is  far  greater.  This  fubftance  being  analyfed  in  the  labo- 
ratory of  the  mines  by  C.  Taflaert,  was  found  to  be  chromat 
of  iron,  that  is  to  fay,  a  metallic  fait  formed  by  the  combi- 
nation of  iron  with  the  acid  ariiing  from  the  new  metal  dif- 
covered  by  C.  Vauquelin,  to  which  he  gave  the  name  of 
chrome.  It  feemed  to  contain,  in  loo  parts,  63*6  of  that  acid, 
36  of  iron  ;  lofs,  1-4.  Chemifts  may  now  flatter  themfelve? 
that  chrome,  which  hitherto  has  been  found  only  in  the  red 
lead  of  Siberia,  in  the  rubv  and  the  emerald,  may  be  ob- 
tained in  fufficient  abundance  to  enable  them  to  fubjecl  it 
to  new  refearches. 

C.  Vauquelin  and  Taflaert,  by  continuing  their  experi- 
ments on  this  fubflance,  have  afccrtained  thq  followmg 
fa6ls: 

1.  It  does  not  melt  alone  by  the  blow-pipe,  but  with 
borax,  to  whjcli  it  communicates  a  green  colour  like  that  of 
the  emerald. 

2.  It  is  fcluble  in  the  muriatic  acid,  but  flowly,  and  in  fmall 
quantity.  From  its  folutioxi,  which  is  of  a  greenifh  blue 
colour,  it  is  precipi\atcd  white  by  alkalies, 

3.  It  is  foluble  in  oxygenated  muriatib  acid.  From  this 
folution,  almoll  colourlefs,  it  is  precipitated  of  a  reddifh 
brown  by  alkalies,  and  of  an  orange  yellow  by  nitrat  of  lead. 

4.  It  is  not  decompofable  by  potalh,  or  the  carbonat  of 
potafli,  without  the  afliltance  of  a  degrco  of  heat  which  car- 
nes  it  to  incandefcence. 

5.  It  may  eafily  be  reduced  by  the  known  means.  It  thci^ 
gives  an  alloyed  mafs,  having  only  an  external  metallic 
afpeft,  eafily  fufed  with  borax;  brittle,  but  hard  as  fteel. 

6.  This  mafs  is  exceedingly  difftcujt  to  be  <lecompoied.  It 
muft  be  treated  fucceflivcly  and  feveral  times  with  potafli, 
which  combines  with  the  chron.ic  arid  and  diflblves  it, 
and  with  the  muriatic  acid,  which  diliblves  the  oxyd  o{ 
iron- 

7.  Other 
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7.  Otiier  experiments  have  proved  the  prcfence  in  thismi- 
tieral  of  filex  and  alumine;  fo  that  C.  Vauquelin  and  TafTaert 
believe  it  to  be  conipofed  of  the  follov.ing  fubftances : 

©hromic  acid           -  -  43 

Oxyd  of  iron  -  -  34*7 

Argil             -           -  -  20-3 

Si  lex           -  -  -  2 

They  arc  of  opinion  alfo,  that,  the  chromic  acid  being  in 
uifficiciit  quantity  to  futuratc  the  owd  of  iron,  this  mineral 
is  a  triple  combination  of  the  chromic  acid,  the  oxvd  of 
iron,  and  artril. 

8,  The  oxyds  of  chrome,  or  the  chromic  acid,  may  be 
eraploycd  in  the  porcelain  manufacture.  When  pure,  they 
give  an  emerald  green,  more  beautiful  than  that  of  copper; 
and,  mixed  wiih  lead  or  antimony,  a  canary-bird  green. 
Tliey  may  be  cmj)loycd  alio  in  painting,  by  feparatin'T  the 
acid  from  the  iron,  and  c(mibining  it  afterwards  with  difler- 
ent  metallic  oxyds  by  double  affinities. 

MKTHOD    OF    CHECKING    DECAY    IX    TREKS. 

The  cheftnut  lives  a  long  time,  and  often  attains  to  ar. 
extraordinary  fize;  but  unfortunately  the  texture  of  its  wood 
alters  under  certain  circumllances :  it  becomes  foft,  falb 
inlo  du(t,  a  cavity  is  gradually  formed  in  the  heart  of  the 
tree,  and  this  cavity,  by  the  progrefs  of  the  decompofition, 
becomes  ftill  larger ;  fo  that,  at  laft,  the  trunk  fcems  to 
eonfift  of  nothing  but  bark  ;  and  being  too  weak  to  fupport 
the  brandies,  and  refill  the  violence  of  hurricanes,  it  cannot 
long  cxili.  It  is  by  linjilar  changes  and  decompofitions  of 
the  ligneous  principle,  that  trees,  vvliich  have  been  growing 
for  a<ies,  are  '^o^^w  to  perifh  in  a  very  little  time. 

C.  Chaptal,  in  travelling  throus;h  different  parts  of  France, 
and  particularly  tlie  Ceveimes  and  the  department  of  AUier, 
obferved,  that  a  great  number  of  chellnut-trees  were  hollow, 
and  charred  over  the  whole  internal  furface.  He  was  told 
by  the  inhabitants  of  the  country,  tliat  this  procefs  was  em- 
ployed to  (top  the  progrefs  of  the  caries,  which  otherwife 
would  Jcltroy  the  \yholc  tree.     When  they  obferve  that  this 
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clifeafe,  which  is  very  common  and  exceedingly  fatal  to  the 
cheftnut-tree,  begins  to  make  any  progiefii,  and  to  excavate 
the  trunk,  they  colleft  heath  and  other  vegetables,  and  fet 
fire  to  them  in  the  cavity,  till  the  whole  furfacc  is  completely 
charred.  It  happens  very  rarelv  that  the  tree  periflies  by  this 
operation,  and  it  is  always  found  that  this  remedy  fufpends 
the  cfrc6l  of  the  caries.  It  is  praftifed  with  the  fame  fiiccefs 
on  the  white  oak.  By  comparing  the  efllrts  of  the  eautery 
on.  the  human  body,  in  analogous  cafes  of  degeneration,  we 
perceive  a  new  fimilarity  between  difeafes  which  affeft  the 
living  organiRd  benigs  of  the  two  kingdoms,  and  between 
the  remedies  by  whicli  thuy  may  be  checked, 

ON  THE  GRAVITY   OF*  TUNGSTEN. 

The  difficulty  of  bringing  tungften  to  complete  fnfion  has 
hitherto  prevented  the  fpecific  gravity  of  this  new  metal  from 
being  with  certainty  determined.  Some  fixed  it  at  17'6,  ac- 
cording to  the  experiments  of  the  brothers  d'IClhuyar;  but 
many  could  not  believe  it  to  be  fo  confiderable.  C.  Guyton 
lately  obtained  a  well-formed  button,  of  the  weight  of  35 
grammes,  in  a  thrce-blait-furnace,  where  the  inlcnfity  of  the 
lire  mav  be  carried  lo  about  185"^  of  Wedgcwood  :  but  tliis 
button  having  broken  by  the  prclTure  of  the  vice,  into  which 
it  was  put  in  order  to  be  fawn,  there  was  dilcovered  at  its  centre 
a  part  not  agglutinated,  which,  by  expofure  to  the  air,  fpeedilv 
allumed  a  purple  colour,  limilar  lo  that  which  the  beft  fufed 
tungllen,  of  fuch  a  degree  of  hardncfs  as  to  render  a  file  bril- 
liant, exhibits  on  its  furface.  It  refults,  from  thefe  cxperi- 
nients,  that  the  fpecific  gravity  of  the  fufed  j)ortion,  feparated 
Irom  tliat  which  was  only  fufed  in)perfectly,  was  8'34o6 ; 
ti'at  the  infuiibility  and  brittlenefs  of  this  metal  leave  no 
other  hopes  of  applying  it  to  the  arts,  though  there  are  abun- 
dant mines  of  it  in  France;,  but  bv  njixing  it  wlih  other  me- 
tals, or  by  tlic  pro]ieriy  difcovered  in  its  oxyds  of  vieldin^~ 
fixed  colours,  and  fixing  vegetable  colours, 

FLUAT   OF  A  K  G  1 1, . 

C.  Vauquelin  has  received  from  Denmark  a  uliite  lan)el- 

bted  mineral  brought  from  Greenland^  wiiich  proves  lo  be 
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fiuat  of  argil,  an  earthy  neutral  fait  never  before  found  in  a 
natural  flatc. 

ASTRONOMY'. 

C.  Lalande  has  lately  prefented  to  the  National  Inftitute 
an  account  of  his  ohfervation  of  the  lull  oppofition  of  Mars, 
with  the  calculations  on  that  fubjecl ;  and  by  comparing  it 
with  tliat  of  1790,  he  has  found  that  only  58  feconds  are  to  be 
deducted  from  the  place  of  the  aphelion  of  Mars,  employed 
in  the  lall  edition  of  his  Agronomy.  He  announces  a  large 
work  on  this  planet  by  C.  Lefran9ais-Lalande,  his  nephew. 

C.  Lalande  has  alfo  given  the  calculation  of  eclipfcs  of  the 
fun  or  ftars  obferved  for  fome  years,  to  deduce  from  them  the 
pofition  of  diflerent  cities.  He  has  found  Hamburgh  to  be 
30' 9"  from  Paris;  Cobourg  34'3o";  Mulheim  21' 2o"j 
Halle  38'  38''';  and  Koniglberg  i*'  12'  35". 

MOXUMKNT  TO   LINXEUS. 

A  monument  has  lately  been  ere^led  in  the  cathedral  of 
Upfal,  to  the  memory  of  the  great  Linneus.  It  confifts  en- 
tirely of  the  porphyry  of  Elfwedal ;  is  properly  a  pedeftal 
in  the  form  of  an  altar,  the  iteps  of  which  are  of  the  brown 
fione  of  Oeland ;  and  fupports  a  medallion  containing  a  bult 
of  Linneus.     The  following  is  the  infcription  : 

Carolo  a  Linne, 

EOTAXICORUM   PrINCIPI, 

Amici  et  Discipuli. 
m,dcc,xcviiii. 

substitutes  for  coffee. 

Count  von  Burgfdorf  has  lately  laid  before  the  Royal  Aca- 
demy of  Sciences  at  Berlin,  famples  of  coffee  prepared  from 
the  folid  parts  of  the  beet-root,  after  the  faccharine  juice  has 
teen  exprelVed. 

After  the  moll  careful  examination  of  all  the  fubflitutes  for 
coffee  hitherto  employed,  the  Academy  of  Sciences  at  Peters- 
burgh  has  made  known  that  the. acorn  is  the  beft,  as  it  pof- 
felVes,  when  proper  means  are  ufed  to  communicate  to  it  the 
oily  properties,  all  the  requifite  qualities  of  coffee.  To  com- 
municate thefe  oily  properties,  the  following  procefs  is  re- 
commended : 


^lo      Subjlkute  for  J^drk — Galls. — Travels  In  Africa, 

comniended  :  When  the  acorns  have  been  toafted  brown,  add 
frefh  butter,  hi  fniall  pieces,  to  tliem  while  hot  in  the  ladlc^ 
and  ftir  them  u  ith  care,  or  cover  the  ladle,  and  fliake  it  in  or- 
der that  the  whole  may  be  well  mixed.  By  thefe  means  you 
will  obtain  the  beft  and  mod  harmlefs  fubftitute  for  cofTce 
hitherto  employed. 

STJBSTITUTK  FOR  TINCTURK   OF  BARK. 

Dr.  G.  F.  C.  Fuchs,  teacher  extraordinary  of  medicine  at 
Jena,  has  prepared  from  the  ripe  fruit  of  the  horfe  cheftnut> 
Aefctilus  h'lppocajlanum  Linn,  when  diverted  of  the  hufks, 
an  extra(5t,  which,  according  to  his  experiments,  may  be 
ufed,  perhaps,  in(kad  of  the  cxpenfive  extraclum  chince,  fince 
the  bark  of  this  tree  has  been  long  known  as  a  fubftitute  for 
cinchona. 

SrBSTITUTE    FOR    GALL.^. 

A  German  aputhccarv,  7iamed  Tromcr,  has  lately  difco- 
Vered,  that  the  excrefcences  or  knots  on  the  roots  of  vounjj 
oaks  may  be  ufed  as  a  fubftitute  for  galls.  Thefe  excrefcence.* 
are  produced,  in  the  fame  manner  as  the  galls,  by  an  infect, 
which,  after  pricking  theni^  depofits  its  eggs  in  them.  With 
vitriol  of  iron,  in  the  fame  proportion  as  galls,  they  give  a 
beautiful  black  ink,  and  may  be  ufed  alfo  in  d\eing,  \x\  tlic 
fpring,  thefe  excrefccncc:^  may  be  found  in  great  numbers  on 
thefmall  roots  of  the  oaks,  particularly  on  the  fouth  fide,  of- 
ten about  a  hand's-brcadth  below  the  earth..  Thole  found  in 
fummer  have,  for  the  moft  part,  fmall  apertures,  capable  of 
admitting  a  moderate-fizcd  needle,  but  thev  are  no  longer 
filled  with  eggs.  At  this  period  thev  are  more  woody,  and 
not  fo  good  J  and  therefore  they  ought  to  i)c  collecled  in  the 
fpring. 

TRAVELS    IX   AFRICA. 

Mr.  Horneman,  whom  we  f)me  time  dgo  announced  to 
have  fet  out  with  the  view  of  exploring  the  interior  of  Africa, 
has  written  a  letter  to  Sir  Jofeph  Banks,  from  Tripoli.  He 
had  travelled  from  Cairo,  in  Egvpt,  through  the  Lvbian  De- 
fert,  to  Fez^an,  the  largeft  Oafis  in  the  Great  Sahara  ;  a 
foute  hitherto  unexplored!  by  any  European,  whofe  travel'? 

have 
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Jiave  been  comniunicated  to  the  public.  In  the  journey  froni 
Cairo  to  Fczzan,  he  halted  at  Scwah,  which,  from  the  no- 
tices of  Mr.  Brown,  fome  months  ago,  iiad  been  clearly  af- 
cerfained  to  be  the  Oafis  of  Amnion. 

Mr.  Horneman's  new  obfervations,  made  at  his  Icifureoi} 
the  fpot,  now  place  this  matter  beyond  all  manner  of  doubt. 
Mr.  H.  was  too  late  this  feafon  for  the  caravan  that  gees 
from  Fezzan  to  Soudan,  comprehending  under  that  name 
Hourfes,  Cailmou,  Burnou,  the  great  kingdom  ne^ir  the  Ni- 
ger. Meanwhile  he  has  fent  from  Tripoli,  by  another  con- 
veyance, not  yet  arrived,  the  journal  of  his  prefent  travels ; 
?ind  there  is  every  reafon  to  hope  that  he  will  accomplifh  his 
great  undertaking  of  vifiting  the  unknov/^i  central  regions  of 
Africa,  elpecially  from  the  fo]lo;.\ing  occurrences  mentioned 
in  his  letter :— -He  was  followed  from  Sevvah  by  a  large  party 
fent  to  feize  him,  on  fufpicion  of  his  being  a  French  fpy.  But 
his  manners  and  behaviour  were  fo  completely  Moflem,  and 
Ixe  approved  himfelf  fo  thoroughly  mafter  of  the  Koran,  that 
he  was  releafed  with  blefllings  and  alrns  as  a  good  muflulmanj 
and  fent  forward  on  his  journey. 

CEMENTING    OF    BROKEN    GLASS. 

C.  Pajot,  of  Charmes,  lately  tranfmitted  to  the  Phllo- 
piatic  Society  and  the  National  Infliiute,  faiaU  bits  of  glafs  of 
different  qualities,  which  he  had  joined  and  fqldered  fo  firmly 
that  the  glafs  would  rather  break  clofe  to  the  joining  than  in 
the  actual  place.  The  form  of  the  fraclure  does  not  at  all 
prevent  the  operation.  TIk-  line  of  junftion  is  fcarcely  dif- 
cernible,  and  in  fome  places  not  vilible.  C.  Pajot  has  not 
made  his  procefs  known. 

C.  Sv.ediaur  informed  the  Society,  that  a  perfon  named 
Ilollenweger,  about  twelve  or  fourteen  years  ago,  had  in  his 
prcfcnce,  and  that  of  Lavoifier  and  Meunier,  performed 
fume  experiments,  by  means  of  which  he  joined  in  a  folid 
manner,  fo  as  to  make  the  junction  hardly  vifible,  fragments 
of  blown  glafs. 

C.  Chaptal  faid  alfo  that  fome  perfon  had  {liew»  hina, 
about  fifteen  years  ago,  a  glafs  bottle,  the  neck  of  which 
was  fo  perfcclly  foldered  to  the  glafs  ftopper,  that,  when  cut 
through,  the  circle  oFjunction  was  fcarcely  perceptible.  The 

bottle 
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bottle  contained  liquor  of  flints,  and  had  lain  on  its  fide  for 
a  long  time.  "After  fteing  this  fa6l,  faid  Chaptal,  I  con- 
ceived the  poffibility  of  foldering  together  two  plates  of  glafs. 
I  explained  my  ideas  on  this  fubje6l,  and  (hewed  the  bottle, 
in  my  public  lc6lures;  and  I  am  of  opinion,  that,  by  gra- 
dually withdrawing  the  diffolving  alkali,  it  might  be  poflible 
to  unite  fuch  plates." 

Before  we  difmifs  this  article,  we  beg  leave  to  remark,  that 
there  appears  to  be  nothing  fo  wonderful  in  joining  broken 
pieces  of  glafs,  in  the  way  above  defcribed,  as  to  juftify  Pa- 
jot  in  concealing  the  procefs.  A  little  reafoning  will  lead 
any  one  to  it.  All  that  is  neceflTary  is  to  interpofe,  between 
the  parts,  a  glafs  ground  up  like  a  pigment,  but  of  eafier  fu- 
"fion  than  the  pieces  to  be  joined,  and  then  expofing  them  to 
inch  a  heat  as  will  fufe  the  cementing  ingredient,  and  make 
the  pieces  agglutinate  without  being  themfelves  fufed.  A 
glafs  fit  for  the  purpofe  of  cementing  broken  pieces  of  flint 
glafs,  may  be  made  by  fufing  fome  of  the  fame  kind  of  glafs, 
previoufly  reduced  to  a  powder,  along  with  a  little  red  Ie^4 
and  borax,  or  with  the  borax  only. 

DIED. 

At  Edinburgh,  on  the  6th  infl.  Dr.  Jofeph  Black,  on^  of 
the  Phyficians  to  his  Majefl;y  for  Scot-and,  Profeflbr  of  Che- 
millry  in  the  Univerfity  of  Edinburgh,  and  a  Member  of  the 
diflerent  refpe6lable  Medical  and  Literary  Societies  in  Europe. 
The  noble  fcience  of  Chemiftry  has  received  many  valuable 
improvements  and  elucidations  from  the  genius  and  induftry 
of  the  learned  Dr.  Black,  which  will  tranfniit  his  name  with 
honour  to  the  lateft  pofterity. 

His  papers  were  found  in  fuch  perfect  order  by  his  execu- 
tors, that  we  underftand  they  intend  fpecdily  to  publifh  them, 
with  a  life  of  the  author. 


f.  I  rat  a  in  our  Laji. 
In  ihc  defcription  of  Mr.  Howard's   Furnace,  liift  iinc,   (p.  192,)  for 
IV'vidjor  read  fire  bricks. 
•  Page  198,  line  26,  for  typani  read  fyrrpani. 

In  the  dcfcription  of  the  monument  to  Count  Rumford,  p.  io6,  line  ^7, 
r.ad 

A\.  the  creative  glance  of  Charles  Theodore, 
Rumford,  the  friend  of  ir,ankind,  5cc. 
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I.  A  Crmmunicat'ion  from  George  Pearson,  M.  D. 
F.  R.  S.  &c.  Phyjician  to  St.  George's  Hofpital,  Sec.  con- 
cerning the  Eriiplio/is  refemhling  the  Synall-Pox^  which 
fomchmci  appear  in  the  Inoculated  Vaccine  Difeafe, 

Jl  OR  reafons^  the  explanation  of  which  would  lead  into 
too  long  a  detail,  and  which,  indeed,  cannot  be  given  with 
perfcft  propriety  in  this.  Iheet^  I  feel  myfelf  compelled  to 
publifli  fome  obfervations  concerning  the  eruptions  which 
appear,  in  fome  inftances,  in  the  cow-pock  by  inoculation. 

Although  tlie  new  inoculation  in  the  prefent  year  ha* 
been,  1  think,  fufficicntly  e.xtenlive  to.  nianifeft  .the  advan- 
tages of  it  over  that  for  the  fmall-pox,  fo  that  it  is  not  likely 
to  be  ever  totally  laid  afide ;  yet  the  unexpected  appear- 
ance of  eruptions  has  inclined  many  pe.ifons  to  be  of  opinion 
that  no  beneficial  confequenccs  can  be  produccd-by  thisprac- 
tice,  or,  at  leail,  that  fuch  confequenccs  at  beft  feem  to  be 
problematical.  It  may  be  ufeful  to  obferve,  that  fome  of  the 
Advacates  for  the  cow-pock  inoculation  contend,  that  erup- 
tions are  never  produced  bv  it ;  accordingiv,  they  afiert,  that, 
in  thifc  eruptive  cafes,  the  diforder  NVas  not  the  cow-;"ock, 
but  the  fmail-pox;  the  variolous  poiCqn.  having  either  been 
inferted  inadvertent! v,  or  the  conllitution  having  been  af- 
.--VoL.V.  '  Sf  '    ff^ed 
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fedtcd  by  it  cafually.  To  jnftify  what  is  advanced,  it  is  in- 
cumbent on  the  Aflertors  either  to  prove  that  fuch  errors  have 
been  committed,  or  at  leaft  they  ought  to  be  able  to  oppofe 
equally  extenfive  experience  to  that  of  the  adverfe  party :  for  no 
found  reafonerwill  confider  opinions,  which  are  only  founded 
in  conje6lure,  to  be  demonflrated  truths.  I  will  not,  how- 
ever, take  upon  myfelf  the  unrequired  tallc  of  attempting  to 
vindicate  others  from  the  above  charges;  but  I  Diall  only 
perform  a  duty  in  flating  the  refult  of  my  own  experience 
with  regard  to  the  point  in  queftion ;  conceiving  that  by  this 
means  the  truth  may  be  brought  to  light,  if  aided  by  the  evi- 
dence from  experience' of  future  inquirers. 

In  the  courfe  of  my  pra6lice  the  latter  end  of  February, 
and   in   March   following,    I  diftinftly  recolleft  four   cafes 
in  which  I  firfl;  faw  eruptions  from  the  vaccine  inoculation 
refembling  fo  much  thofe  of  the  fmall-pox,  that  I  fliould  not 
have  hefitated  to  confider  them  as  belonging  to  this  difeafc,  if 
I  had  not  excited  them  by  a  different  poifon  from  the  vario- 
lous.    I  obferved,  however,  at  that  time,  fome  appearances 
of  thefe  eruptions  different  from  thofe  which  ufually  occur  in 
the  fmall-pox.  Almofl  all  the  eruptions,  in  the  ftage  of  defic- 
cation,  afl'orded  fliining,rmooth, black  or  reddifh-brown  fcabs; 
very  few  of  them  having  previoufly  fuppurated.     Finding,  in 
two  other  inftances,  that  the  matter  from  the  inoculated  puftule 
of  thefe  patients  produced  a  fimilar  eruptive  diforder,  and  alfo 
the  fame  being  the  event  in  the  pra6lice  of  two  or  three  of  my 
correfpondents,  whom  I  had  furnifhcd  with  matter  from  the 
above  eruptive  cafes,  I  from  that  time  ufed  matter  only  from 
the  cafes  in  which  no  eruptions  appeared.    After  this  precau- 
tion, no  eruptive  cafes  refen^bling  the  fmall-4:)0X  occurred  in 
lYiy  pra6lice  during  the  whole  of  laft  funimer  and  the  prefcnt 
winter.     I  fay,  no  cafes  occurred  refembling  the  fmall-pox  ; 
but  certainly  eruptions,  in  niunber  from  a  fingle  one  toabout 
a  dozen,  which  were  large,  red,  hard  pimples,  with  little  or  no 
lymph,  and  never  with  any  pus,  occurred,  probably,  in  one 
cafe  out  of  twenty  or  thirty.    Thefe  fpots,  fo  unlike  the  fmall- 
pox,  produced  no  trouble;  and  were  of  fuch  a  fhort  duration, 
that,  when  I  fpcak  of  eruptions,  I  do  not  include  them  in  the 
number;   I  include  in  the  account  thofe  only  in  which  the 
7  eruption  > 
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eruptions  refembled  the  fmall-pox :  nor  do  I  reckon  among 
the  eruptive  cafes  thofe  in  which,  now  and  then,  a  radi  broke 
out  about  the  14th  day  after  inoculation ;  and  which  was  as 
troublefome  as  the  Urticaria.  My  experience,  then,  with  re- 
fpeft  to  the  cafes  of  eruptions  being  diminiflicd  in  number 
by  avoiding  inoculation  with  matter  of  fimilar  eruptive  cafes, 
coincides  with  Dr.  Woodville's ;  and  confirms  what  he  has 
already  fo  ufefully  comirmnlcated  to  the  public.  It  was  ob- 
vious to  fufpecl:,  on  the  firll  occurrence  of  the  eruptive  cafes, 
that  variolous  matter,  in  an  unobferved  way,  but  from  fources 
which  could  not  even  be  conjectured,  had  been  introduced 
into  the  conftitution  inftead  of  the  vaccine  poifon.  This 
conjecture,  in  fpitc  of  the  cleared  evidence  of  fenfe  refpecl- 
ing  the  nature  of  the  matter  ufed,  received  fome  countenance 
from  the  non-appearance  of  eruptions  as  above  Hated ;  but, 
from  the  occurrence  of  fuch  caf&i,  in  the  practice  of  other 
Inoculators,  in  the  laft  autumn  and  this  winter,  I  think  it 
is  very  unreafonable  to  doubt  any  longer,  that,  either  on 
account  of  peculiar  Hates  of  the  human  animal  ceconomy,  or 
on  account  of  fome  co-operating  agents,  the  genuine  vaccine 
poifon  does  now  and  then  produce  a  certain  variety  of  the 
cow-pock,  charafterifed  by  the  appearance  of  puftules,  like 
thofe  of  the  variola.  I  have  good  evidence  alfo  to  fliew,  that 
even  in  the  hands  of  thofe  very  Inoculators,  \vho  a  little  time 
ago  would  not  allow  that  the  vaccine  poifon  could  produce 
eruptions,  fuch  cafes  have  lately  occurred. 

In  the  month  of  October  lad  I  inoculated  a  child  two 
years  of  age  with  the  vaccine  poifon.  The  original  mat- 
ter, which  had  produced  this  matter,  I  took  from  the  cow  in 
March  laft ;  fmce  which  time  the  vaccine  difeafe  had  been 
excited  bv  it,  in  my  hands,  in  a  great  number  of  patients. 
The  vaccine  difeafe  took  place  with  the  ufual  appearances,  in 
the  inoculated  part,  and  atVecled  the  whole  conftitution  in  the 
ordinary  manner;  but  a  few  eruptions  broke  out  on  the  fe- 
cond  or  third  day  after  the  flight  fever;  they  were,  however, 
only  the  red  large  pimples  above  mentioned,  not  at  all  like 
the  fmall-pox.  Mr.  Keate  carried  matter  from  this  child  to 
Rrighthelmftone,  w4iere  Mr.  Barret  inoculated  iiuo  children, 
W'ho  took  the  difeafe  ;  and  from  one  of  thefe  Mr.  Keate  ino- 
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culated  three  children.  They  all  had  the  ufual  fever  ahout 
the  eighth  day,  and  all  had  a  numher  of  eruptions,  except 
one,  which  had  only  five  or  fix,  and  thefe  dried  on  the  fifth 
day.  This  lafl  cafe  was  probablv  that  which  Mr.  Keate  in- 
forms nie  had,  in  the  inoculated  part,  the  genuine  vaccine 
puflule;  but  in  all  the  others  Mr.  Barret  obferved  that  in 
the  inoculated  part  the  puflule  was  ragged  at  the  edges,  and 
flat,  more  refembling  the  variolous  piiftule.  Matter  from 
thcfe  patients  was  fcnt  to  Pctworth,  where  Mr.  Andre  in- 
forms me  he  inoculated  with  \l  four  teen  children.  They  all 
took  the  difeafe,  and  had  eruptions  like  the  variolous.  Three 
children  at  the  breaft  had  from  three  to  tzvelve  pujhih's. 
The  remaining  eleven  children  had  from  fifty  to  feveral  hun- 
dred eruptions.  The  flatc  of  the  arms,  and  the  chara6lcrs  of 
the  puftulcs  of  the  inoculated  part,  are  not  mentioned.  None 
of  the  above  patients  died,  nor  is  any  mention  made  by  Mr. 
Keate,  Mr.  Barret,  and  Mr,  Andre,  even  of  anv  apprehenfion 
of  danger.  Dr.  Thornton  fcnt  me  lately  a  cafe  with  eruptions, 
produced  by  matter  which  I  originally  took  from  a  cow.  Ac- 
cording, then,  to  experience,  wc  draw  thefe  conclufions : — 
I.  That  in  certain  conftitutions,  or  under  thecircumftancesof 
certain  co-operating  agents,  the  vaccine  poifon  produces  a  dif- 
eafe refembling  thefmall-pox;  and  of  courfe  the  puftule  in  the 
inoculated  part  is  very  different  from  that  of  the  vaccine  pock 
ordinarily  occurring,  and  the  eruptions  refcmble  vcrv  much, 
if  not  exactly,  fome  varieties  of  the  fmall-pox.  2.  That  in 
fome  inf^ances  thefe  eruptions  have  occurred  although  the 
inoculated  part  exhibited  the  genuine  vaccine  puftule,  3.  That 
the  matter  of  fuch  eruptive  cafes,  whether  taken  from  tlie 
inoculated  part,  or  from  other  parts,  produces  univcrfallv,  or 
at  leafl  generally, fimilar  eruptive  cafes,  and  has  not,  I  believe, 
been  fecn  to  go  back,  bv  paffing  through  different  conflitu- 
trons,  to  the  ftate  in  which  it  produces  what  is  called  the  ge- 
nuine vaccine  diieafe.  4.  That  eruptions,  of  a  difi'erent  ap- 
pearance from  variolous  ones,  jonictimes  occur  in  the  true 
cow- pock. 

J^Tow,  whether  the  vaccine  poifon,  when  it  produces  thefe 
cafes  refembling  the  fmall-pox,  has  really  become,  by  com- 
pofitign  cr  decompofition,  variolous  msttcr,  is  undetermined. 

If 
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Tf  this  fliould  be  found  to  be  the  cafe  by  future  experiments, 
ftill  we  muR  confiderthe  two  poifons  as  of  ditlinftly  difi'crcnt 
fpccies,  on  account  of  the  different  chara(Slers  of  the  puftule 
in  the  fmall-pox  and  cow-pox;  aUhough,  as  juft  faid,  by  the 
combination  of  fome  other  fubftancc  with  the  cow-pox  poi- 
fon,  or  by  the  feparation  of  fome  one  of  the  conltitucnt  in- 
gredients of  this  poifon,  the  variolous  poifon  may  be  pro- 
duced. To  illuftrate  this  theory  let  it  be  confidered,  that 
magnelia  and  !'u1  phate  of  magncfia  are  different  fpecies  of 
fubflances;  although  they  agree  in  fome  of  their  principal 
cflecls  on  the  hunvm  conftitution,  and  in  other  properties; 
but,  by  the  union  of  magnefia  with  fulphuiic  acid,  it  becomes 
fulphate  of  magncfia.  Or  the  illuflration  may  be  given  con- 
verlely.  As,  then,  we  have  diftindl  denominations  for  thefe 
two  fubftances,  fo  we  ouorht  to  have  them  for  the  two  poi- 
fons, and  the  two  different  difeafed  ftates  they  produce,  name- 
Ivj  the  cow-pox  and  the  fniall-pock.  Accordingly,  Dr.  Odier, 
of  Geneva,  whofe  powers  as  a  Dialeftician,  and  whofe  acute- 
nefs  as  a  Philologer,  I  can  atteft  from  the  period  of  his  aca- 
demical ftudies,  has  "  baptifed"  (to  ufe  the  language  of  Dr. 
De  Carro,)  the  new  difeafe  La  Vaccine,  or  Vacchia,  rejecting 
the  abfurd  name  of  the  Englifli,  varlol/e  vaccinae. 

But,  to  return  to  the  immediate  queftion  under  difcuflion, 
granting  that  eruptions  are  liable  to  be  produced  by  the  ino- 
culation of  the  cow-pock,  what  difference  ought  this  accident 
to  make  in  our  eftimate  of  the  value  of  the  new  praftice, 
from  the  eftimate  on  the  fuppofition  that  no  fuch  eruptions 
would  occur?  I  apprehend  the  value  is  hereby  depreciated, 
but  not  to  fuch  a  degree  as  to  create  any  reafonablc  apprchen- 
fions  of  the  failure  of  the  Vaccine  Inoculation  in  fuperfcding 
and  exting-niOnng  the  fmall-pox.     Becaufc, 

1.  If  the  precaution  be  taken  of  avoiding  the  iaoculation 
with  matter  from  eruptive  cafes,  as  fiir  as  I  have  feen,  not 
above  one  cafe,  with  variolous-like  eruptions,  will  be  pro- 
duced among  200  inftances  of  inoculated  cow-pox. 

2.  Thcfe  eruptive  cafes  are,  as  far  as  I  have  obferved,  like 
the  ordinary  kinds  of  inoculated  fmall-pox. 

3.  I  have  feen  no  disfigurations  of  the  fkin  from  this  va- 
riety of  cow-pox;  bnt  I  think  it  juft  to  acknov.lcdge  th:ii^ 

frcai 
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from  the  experience  I  have  had,  no  practitioner  can  anfwer 
for  fuch  cafes  not  occurring  in  any  inftance,  and  as  danger 
is  always  in  proportion  to  the  number  of  eruptions,  which 
number  no  one  can  pretend  to  hmit,  it  is  evident  that  the 
chance  of  life  during  this  difeafe  is  lelTcned,  although  but  a 
\^ry  little.  Provided  this  ftatement  be  made  to  the  patient,  it 
does  not  appear  to  me  that  the  fact  of  the  liability  to  eruptions 
ought  to  impede  the  progrefs  of  the  Vaccine  Inoculation; 
but  if,  on  the  contrary,  the  patient  is  affured  that  fuch  erup- 
tions will  not  occur,  there  is  good  ground  for  the  practice 
falling  into  difcredit,  or  at  Icafl  for  many  pcrfons,  with  rea- 
fon,  being  difcontented. 

After  this  reprefentation  of  an  unfavourable  part  of  the 
hiftory  of  the  cow-pock,  it  is  confolatory  to  be  able  to  coun- 
terpoife  it  with  fome  new  fa6ls,  which,  like  that  of  the  erup- 
tions, have  been  difcovered  in  the  courfe  of  further  experi- 
ence. It  now  appears  that  a  perfon  who  has  had  the  fmall- 
pox,  is  not  fufceptible  of  the  cow-pox  by  inoculation  "^ ; 
nor  is  a  perfon  fufceptible  of  the  conftitutional  aOeclion  from 
the  cow-pox  poifon  more  than  once.  On  the  whole,  then, 
we  have  gained  perhaps  as  much  as  we  have  loft  fince  the 
publication  of  the  original  account :  and  unlefs  fome  new 
advcrfc  fa6ls  fhall  be  difcovered,  and  confiding  that  the  public 
will  adopt  a  practice  which  is  fo  manifeflly  to  their  intereft, 
the  change  effefted  in  the  practice  of  medicine  will  be  fo 
eminently  memorable,  that  the  iiitrcjduction  (jf  the  J'accine 
Inoculation  mujl  become  an  epoch  in  the  hijlorj  of  phjjic. 


II.   Olferi'ations  refpeSling  the  Earthquake  ivh'ich  took  place 
in  Peru  in  the  year  lygy.     Bj  M.  Cavaxillks  *. 

X.  HERE  are  reckoned  to  Be  more  than  fixteen  volcanoes 
in  the  kingdom  of  Quito  which  are  in  a  continual  ftate  of 
eruption,  and  which  throw  up  thick  vapours,  often  mixed 

*  The  cafes  of  milkers  with  chopt  hands  being  repeatedly  aflfedtcd  by 
the  cow-pox  poifon  in  the  cafiial  'ujay,  whct'itr  thty  had  undergone  the 
fmall-pox  or  not,  probably  occafioned  the  enor  of  the  conclufions  here 
alhided  to. 

t  From  the  "Journal  de  Phfi^Kf,  Fruftidor  an.  7. 

with 
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with  flames,  either  from  their  craters  or  through  their  lateral 
tiOures.  In  the  midil  of  the  moft  profound  cahii  there  is 
frequently  heard  a  dreadful  bellowing  noife,  the  forerunner 
of  earthquakes,  to  which  this  pari  of  the  world  is  often  ex- 
pofed.  After  the  year  1791,  this  noife  was  frequently  heard 
in  the  neighbourhood  of  the  mountain  of  Tunguragua.  An- 
»  tonio  Pineda  and  Nee,  the  two  naturalifts  employed  in  the 
expedition  round  the  world,  when  examining  the  declivity 
of  this  volcano,  the  lava  of  which  had  been  hardened  more 
by  the  internal  fire  than  by  the  ardour  of  the  fun,  were  flruck 
with  terror  by  the  horrible  found  which  they  heard,  and  the 
heat  which  they  experienced.  Pineda,  that  valuable  member 
of  fociety,  whofe  premature  death  is  ftill  deplored  by  the  . 
Iricnds  of  fcience,  foretold  that  a  terrible  eruption  was  pre- 
paring in  the  mountain  of  Tunguragua ;  and  his  conje^lures 
were  confirmed  by  the  event.  On  the  4th  of  Februaiy  1797, 
at  three  quarters  pall  feven  in  the  morning,  the  fummit  of 
the  volcano  was  more  free  from  vapours  than  ufual ;  the  in- 
terior part  of  the  mountain  was  agitated  by  frequent  Ihocks, 
and  the  adjacent  chains  burft  in  inch  a  manner,  that  in  the 
fpace  of  four  minutes  an  immenfe  tra6f  of  country  was  con- 
vLilfed  by  an  undulating  movement.  Never  did  hiftory  relate 
the  efi'ed;s  of  an  earthquake  fo  extraordinary,  and  never  did 
any  phenomenon  of  Nature  produce  more  misfortunes,  or 
deftroy  a  greater  number  of  human  beings.  A  number  of 
towns  and  villages  were  deftroyed  in  a  moment :  fome  of 
them,  fuch  as  Riobamba,  Quero,  Peliico,  Patate,  Pillaro, 
were  buried  under  the  ruins  of  the  neighbouring;  iiioiuitains ; 
and  others  in  the  jurifdiclions  of  Harnbata,  Latacunga, 
Guaranda,  Piiobamba,  and  Alauii,  were  entirely  overthrown. 
Some  furtalned  prodigious  lofs  by  the  gulphs  v.hich  were 
formed,  and  by,  the  reflux  of  rivers  intercepted-  in  their 
courfe  by  mounds  of  earth  ;  and  others,  though  in  part 
faved,  were  in  fuch  a  fliattered  ftate  as  to  threaten  their  total 
ruin.  The  number  of  perfons  who  perifhcd  during  the  firlt 
and  fucceeding  fliocks  are  eltimated  at  16,000.  At  ten 
o'clock  in  the  morning,  and  four  in  the  afternoon,  the  fame 
day,  (Febn.iary4,)  after  a  dreadful  noife,  tiie  earth  was  again 
agitated  with  great  violence,  and  it  did  not  ceafe  to  (hake, 

though 
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though  faintly,  for  the  whole  month  of  February  and  March  ; 
but,  at  three  quarters  pad  two  in   the  morning  of  the  5th  of 
April,  the  villages  already  ruined  were  again  expofed  to  fuch 
violent  (hocks  as  would  have  been  fufficient  to  deftroy  them. 
This  extraordinan,'  phenomenon  vi'as  felt  throughout  the  ex- 
tent of  140  leagues  from  eaft  to  weft,  from  the  fea  as  far  as 
the  river  Napy ;   and  without  doubt  farther,  for  we  are  little 
acquainted  with  thefe  diftricls  which  are  inhabited  by  the 
favages.      The  diftnnce  north-eaft  and  fouth-well  between 
Popajan  and  Piura,  is  reckoned  to  be  170  leagues;   but  in 
the  centre  of  that  diftricl,  i  degree  i6'6  from  thefe  place?, 
is  fituated  the  part  totally  deitroyed,  and  which  comprehends 
forty  leagues  from  north !  to  fouth  between  Guarandam  and 
Machache,  and  twenty  leagues  from  eaft  to  weft.     But,  as 
'  if  an  earthquake  alone  had  not  been  fufticient  to  ruin  this 
fertile  and  populou.s  country,  another  misfortune,   hitherto 
unknown,  was  added.     The  earth  opened,  and  formed  im- 
mcnfe  gulphs;  the  fummits  of  the  mountains  tumbled  down 
into  the  valleys,  and  from  the  fiirures  in  their  fides  there 
iffued  an  immenfe  quantity  of  fetid  water,  which  in  a  little 
time  filled  up  valleys  a  thoufand  feet  in  depth  and  fix  hun- 
dred in  breadth.     It  covered  the  villages,  buildings,  and  in- 
habitants ;  choaked  up  the  fources  of  the  pureft  fprings,  and, 
being  condenfed  by  dcficcation,  in  the  courfe  of  a  few  days, 
into  an  earthy  and  hard  pafte,  it  intercepted  the  courfe  of 
rivers,  made  them  flow  backv/ards  for  the  fpace  of  ei^htv- 
feven  days,  and  converted  w^hole  dillricts  of  dry  land  into 
lakes.     Very  extraordinary  phenomena,  which  will  doubllefs 
be  one  dav  mentioned    in   hiftory,   occurred    during  thefe 
earthquakes ;    I  fliall,  however,'  content  myfelf  with   men- 
tioning only  t\vo  of  them.     At  the  fame  moment  that  the 
earth  Ihook,  the  lake  of  Quirotoa,  near  the  village  of  In- 
filoc,   in   the  jurifdiclion  of  Lacatunga,   took  fire,  and  the 
vapour  which  rofe  from  it  fuBbcatcd  the  cattle  and  flocks 
that  were  feeding  in  the  neighbourhood.     Near  the  village 
of  Pelileo,  a  large  mountain  named  Moya,  which  was  over- 
turned in  an  inftant,   threw  out  a  prodigious  ftream  of  the 
before-mentioned  thick   fetid  matter,  which   deftrovcd  and 
covered  the  mifcrable  remains  of  that  city.     Naturalifts  will 
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tne.  day  fmd,  in  thcic  ravaged  countries,  objcthls  worthy  of 
their  refearclies.  Fra<j;ments  of  the  minerals  and  earths  of 
Tiinguragiui  are  about  to  be  tranfported  to  Spain  :  but  it  is 
not  in  fuch  fraoments  that  we  ought  to  fearch  for  the  caufe 
of  thefe  furprifmg  phenomena;  we  mufl  vlfit  the  country  it- 
felf>  where  this  conflict  of  the  elements  took  place,  and  where 
the  ruins  it  occafioned  are  ftill  to  be  feen  *. 


III.  Experiments  to  detennine  the  Quantity  of  Tanning  Prin- 
ciple and  Gallic  Acid  contained  in  the  Bark  of  various 
Trees.     Bj  George  Biggin_,  Ej'q.\ 


HE  bark  of  trees  contains  the  aftringent  principle  called 
gallic  acid,  and  alio  that  princij'ile  which  has  a  peculiar  affi- 
nity to  the  matter  of  Ikin,  and  which,  from  the  ufe  to  which 
it  is  applied,  is  called  the  tanning  principle.  But,  in  the 
prcfent  mode  of  tanning,  bark  is  applied  in  viaj's  to  the 
fkins;  conlequentlv,  both  principles  are  applied.  It  remains 
for  examination,  whether  both  principles  are  ufeful  in  the 
procels  of  tanninii;  for,  if  they  are  not  both  ufeful,  probably 
0}tt-  is  detrimental. 

To  a  nobleman,  whofe  zeal  on  cvcrv  occafion  by  which 
the  fciences  or  arts  may  receive  ilhdrration  or  improvement,' 
is  eminently  confpicuous,  and  to  whole  public  energv,  a» 
well  as  private  frienddiip,  I  feel  myfclf  much  indebted,  to 
his  Grace  the  Duke  of  Bedford,  I  owe  the  means  of  profe- 
cuting  fome  experiments  on  this  iubjecl.  His  Grace,  by 
collecting  a  variety  of  barks,  at  Woburn,  gave  me  an  op- 
portunity of  nuiking  Tome  experiments  to  alcertain  the  qiian- 
titv  of  tanning  principle  and  gallic  acid  each  bark  contained. 
■For  that  purpole  I  made  ufe  of  the  following  methods,  ac- 
cording to  the  principles  laid  down  by  M.  Scguin : — 

By  dilfolving  an  ounce  of  conmion  glue  in  two  pounds  of 
foiling  water,  I  procured  a  mucilaginous  liquor,  which,  as 
it  coiuain*  the  matter  of  fkinin  iblution,  is  a  teft  for  the 

*  The  volcano  of  Tungaragua  occafioned  an  earthquake  i-j  1557. 
%  From  the  Phil'Afkuul  'Iiarfii^tinus  oj  the  Rojul  society  of  Lcndon. 
Vol.  \ .  T  t  tannins: 
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tanning  principle.    By  a  faturated  folution  of  fulphat  of  iron, 

I  obtained  a  teft  for  the  <ralli(^  acid, 

c 

I  then  took  one  pound  of  the  bark  I  meant  to  try,  ground 
a«;  for  the  ufe  of  tanners,  and  divided  it  into  five  parts,  each 
part  being  put  into  an  earthen  vefl'el.  'l"o  one  part  of  this 
bark  I  added  two  pounds  of  water,  and  infufed  them  lor  one 
h;)ur.  Thus  I  ];r(x-ured  an  infufion  of  bark,  which  I  poured 
on  the  fecond  part  of  the  bark,  and  this  (trentrlhened  infufioii 
again  on  the  third  part,  and  fo  on  to  the  tiftli.  liut,  as  a 
certain  portion  of  tiie  infufion  will  remain  attached  to  the' 
nrood  of  the  bark  after  tlie  infufion  is  jwured  or  drawn  oif,  I 
added  a  third  pound  of  water  to  the  firlt  part,  and  then  fol- 
lowed up  the  infufion  on  the  feveral  parts  till  the  thiee  pounds 
t)f  water,  or  fo  much  of  them  as  could  be  feparated  from  the 
bark,  were  united  in  the  fifth  vend  ;  from  which  I  generally 
obtained  about  one  pint  of  ilrong  inhdion  of  bark  *. 

To  a  certain  quatnity  o^  this  infufion,  1  added  a  given 
mcafure  of  the  folution  of  glue,  which  formed  an  innnediale 
precipitate,  that  may  be  feparated  from  the  infufion  by  filter- 
in»r  paper.  When  dried,  it  is  a  fubftance  formed  bv  the  che- 
mical union  of  the  matter  ot  fkin  with  the  tanning  principle, 
and  is,  in  faft,  a  powder  of  leather.  By  laturating  the  infufion 
with  the  folution  of  glue,  the  whole  of  the  tanning  principle 
may  be  feparated  by  precipitation. 

For  the   Gallic  Jlcid. 

To  the  pound  of  bark  left  in  the  earthen  vefTels,  and  al- 
ready deprived  of  its  tanning  principle  by  thefe  quick  infu« 
fions,  I  added  a  given  quantity  of  water,  to  procure  a  (Irong 
infufion  of  the  gallic  acid,  which  requires  a  longer  time, 
(fay  forty-eight  hours.)  This  infufion,  w  hen  obtained  puref, 
affords  little  figns  of  the  prefence  of  the  tanning  principle, 

*  The  fp>;ciac  gravity  of  this  infufion  was  afccrtnined  by  an  hydro- 
meter whole  gradations  arc  invcife  to  thofc  of  a  Ipiiit  hydrometer. 

f  It  is  hardly  poffible,  from  rh-j  iiuimaic  conuedftion  of  the  two  pria- 
ciplcs,  to  fcparate  them  entirely  by  infufion:  in  the  infufion  cf  tanning 
principle,  there  will  always  exill  a  little  gallic  acid  ;  and,  in  an  infuficn 
of  gallic  acid,  a  little  tanning  principle  will  commonly  be  prcfcnt,  unlefs 
the  infufioa  of  gallic  acifi  is  very  weak,  and  procured  by  a  third  or  fourth 
watering. 
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wlicn  tried  by  the  fcft  of  the  folution  of  glue;  but,  with  the 
tohition  of  fulphat  of  iron,  it  gives  a  ftrong  black  colour, 
(the  conjinou  black  dye,)  which  diti'crs  in  denfitv  according 
ta  the  quality  of  the  bark  :  this  may  be  further  proved,  by 
boiling  a  Ikain  of  worilcd  in  the  dvc,  by  which  the  grada- 
tions of  colour  will  be  very  perceptibly  demon ftrated. 

Having  thus  obtained  a  point  of  comparifon  ;  by  making 
a  (imilar  infufion,  under  limilar  circumllanccs,  of  any  bark, 
or  vcgetal)lc  fubitance,  and  paying  ilricl  attention  to  the  fpe- 
cific  gravity  of  the  infufion,  the  quantity  of  precipitate  of 
leather,  and  the  denfity  of  colour  produced  by  given  quanti- 
ties of  one  or  the  other  teft,  the  refult  will  be,  a  comparative 
itatement  of  the  rcfpc6live  powers  of  any  bark,  or  vegetable 
Cubdancc.  This  comparative  ftatement  I  conceive  to  be  fuf- 
ficient  for  all  commercial  purpofes. 

As  oak  bark  is  the  ufual  fubftance  employed  in  th£  trade 
of  tanning,  if  a  quantity  of  tanning  principle  is  found  to  be 
contained  in  any  other  bark  or  vegetable,  the  commercial 
utility  of  that  bark  or  vegetable  may  be  determined,  by  com- 
paring its  quantity  of  tannino;  principle  and  price  with  thofe 
of  oak  bark. 

For  an  accurate  chemical  analyfis,  I  have  tried  a  varictv  of 
acids,  and  funple  and  compound  affinities;  and,  having  pur- 
fued  the  above  experiments  at  the  fame  time  that  I  was  em- 
ployed on  fome  in  dyeing,  I  found  the  muriat  of  tin  (the 
method  of  ufmg  which  is  defcribcd  by  Mr.  Proud  in  the 
Amidles  dc  Ch'im'ic,)  very  convenient.  A  folution  of  it  being 
added  to  the  infufion  of  biirk,  forms  a  precipitate  with  the 
tanning  principle,  leaving  the  gallic  acid  fufpiindcd  :  the  pre- 
cipitate is  of  a  fawn  colour,  and  is  compofed  of  tanning  prin- 
ciple and  oxydatcd  tin. 

By  thcfe  means  I  have  been  enabled  to  form  a  compara- 
tive fcale  of  barks ;  which,  however,  I  do  not  produce  as 
ajtcuratc.  Oak  bark,  in  its  prefent  ftate,  as  procured  for 
commercial  puri)ores,  ditl'ers  very  much  in  quality,  from  ac- 
cidental circumltances :  the  feafon  of  the  year  in  which  it  is 
collected  occafions  a  ftill  more  important  difference,  confe- 
qucntly  the  fcale  now  produced  rnuft  be  very  imperfect; 
but  I  am  of  opinion,  that,  by  the  purfuits  of  fcientific  men, 
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who  may  be  inclined  to  inveftigate  this  fubjeft  more  fully, 
a  very  accurate  fcale  may  hereafter  be  formed. 

In  the  following  fcale,  T  have  taken  Sumach  as  the  mod 
powerful  in  the  comparative  ftatementj  leaving,  however,  a 
few  degrees  for  a  fuppoj'cd  maximum  of  tanning  principle^ 
^yhich  I  reckon  twenty. 

SCALE  OF  BARKS. 


Tanning  principle, 

G^llic  acid, 

Tannine  prin- 

(in   grains,)    from 

by 

colour. 

ciple,   by  hy- 
drometer. 

half  a  pint  of  infii- 
fion  and  an    ounce 

Bark  of 

of  fohuion  of  glu^ 

Elm  *      -      - 

- 

7 

2.1 

28 

Oak,  cut  in  winter 

8 

2,1 

30 

Horfe  cheftnut 

- 

fi 

2,2 

30 

Beech 

- 

7 

2,4 

31 

Willow  (boughs) 

8 

2,4 

3^ 

Elder        -      - 

- 

4 

3'0 

41 

Plum-tree 

- 

8 

4,0 

58 

Willow  (trunk) 

- 

9 

4,0 

5^ 

Sycamore 

- 

6 

4,1 

.53 

Birch       -      - 

- 

4 

4,1 

.54 

Cherry-tree 

- 

8 

4,2 

59 

Sallow 

- 

8 

4,6 

.59 

Mountain  afb 

- 

8 

4,7 

60 

Poplar      -      - 

- 

8 

6,0 

76 

Hazel 

- 

9 

6,3 

79 

Afh      -      -     - 

- 

10 

6,6 

82 

Spinifh  cheftnut 

- 

10 

9,0 

98 

Smooth  oak     - 

- 

10 

9,2 

1 04 

Oak,  cut  in  fpring 

10 

9,6 

108 

Huntingdon  or  1^ 

ci- 

cefter  willow 

- 

10 

10,1 

109 

Sumach      -     - 

- 

14 

16,2 

i.5« 

It  is  to  be  obferved,  that  the  barks  do  not  keep  any  re^ 
fpe6tive  proportion  in  the  quantity  of  galHc  ?"id  and  tannine; 
principle  contained  in  each ;  which  is  an  evidence  of  the 

*  The  ii.fufion  of  elm  was  fo  loaded  with  mucilage  that  it  was  \vi:h 
difficulty  I  could  feparate  the  tanning  principle,  or  try  the  fpccific  gravity. 

diftinctnefs 
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dlftinolnefs  of  principle,,  and  may  perhaps  open  a  new  field 
tor  iaving  oak  bark  in  dyeing,  as  tb.e  willows,  fallow,  adi,  and 
others,  produce  a  very  line  black.  It  is  alfo  worthy  of  ob- 
lervation,  that  the  quantities  of  gallic  acid  and  tanning  prin- 
ciple do  not  differ  in  ccjical  proportions  between  the  winter 
and  fpring  felled  oaks.  This  faft  may  lead  to  the  difcrijiii- 
nation  of  the  proper  lime  for  cutting;  which  is,  probably, 
w  hen  the  fap  has  completely  filled  and  dilated  tiiat  part  of 
the  vegetable  intended  for  ufc.  This  will  make  a  dilfcrcncc 
in  the  feafon  of  cutting  oak,  elm,  and  other  trees,  flirubs,  ts:c. 
Leaves  ihould  be  taken  when  arrived  at  their  full  lizc,  and 
then  dried  undercover;  for,  as  the  tanning  principle  is  fo 
folui)lc,  and  the  fubftance  that  contains  it  fo  thin,  (in  a  leaf,) 
the  dew  alone  might  difiblve  it. 

Finally,  as  the  gallic  acid  docs  not  fecm  to  combine  with 
the  matter  of  Ikin,  and  as  its  aflringeney  will  corrugate  tlie 
furface,  we  may,  I  think,  conclude,  that  its  preience  in  tan- 
ning.is  not  only  ufelefs,  but  detrimental. 


JV.  Hxtrail  of  a  'Memoir  on  the  Grcelan  Method  oj  djeirig 
Cotton  Yarn  Red.     By  C.  Felix*. 


X 


HAT  beautiful  red  dye  given  to  cotton  In  the  Ottomaa. 
empire,  is  known  in  Furope  under  the  name  of  Turkey  rod, 
Levant  red,  or  Adrianoplc  red.  As  it  is  believed  among  us  thai 
this  colour  refults  chieily  from  the  proccffes  employed  in  th« 
dvcino",.  I  fl)all  ffivc  an  accouut  of  thofe  tollowcd  in  the  Gre- 
cian manur;!clories.  It  n)u(i:,  however,  be  obfcrved,  that  iu 
thefe  manufaclorics  the  workmen  ciye  at  one  time  a  mafs  of 
lliains  weighing  thirty-live  occas ;  each  occa  being  equal  to 
about  fiftv  ounces. 

The  firtt  procefs  is  that  of  cleaning  the  cotton,  for  whicTi 
purpofe  three  levs  are  employed;  oue  of  foda,  another  of 
allies,  and  a  third  of  lime.  The  cotion  is  throv^n  into  a  tub, 
and  moifiened  with  the  li(]u,)r  of  the  three  leys  in  equal 
quantities  ;  it  is  then  boiled  ill  pure  water,  and  wafhcd  in 
^•unning  water. 

*  From  the  Annuhs  Jc  Cbir^.ie,  No.  92. 
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Tlie  fecond  bath  given  to  the  cotton  is  compofcd  ofiocli 
3nd  iheep's  dung  dilfolved  in  water.  To  facilitate  the  folution 
the  foda  am!  dung  are  pounded  in  a  mortar.  The  proportions 
of  thefe  ingredients  emploved,  are,  one  occa  of  dungr,  iix  of 
foda,  and  fortv  of  vater.  When  the  ingredients  are  well 
mixed,  the  liquor  exprcired  from  them  is  flrained,  and  being 
poured  into  a  tub,  fix  occas  of  olive  oil  are  added  to  it,  and 
the  whole  is  well  ftirred  till  it  becomes  of  a  whitifli  colour, 
like  milk.  The  cotton  is  then  bcfprinkled  with  this  water, 
and  when  the  Ikains  are  thoroughly  moiflened,  they  ar« 
wnmjT,  prclTcd,  and  cxpofed  to  drv.  The  fame  bath  muft 
be  repeated  three  or  four  times,  becaufe  it  is  this  liqiwr 
which  /cndere  the  cotton  more  or  lefs  fit  for  receiving  the 
dve.  Each  bath  is  given  with  the  fame  liquor,  and  ought 
to  continue  five  or  fix  hours.  It  is  to  be  obfervcd  that  the 
cotton,  after  each  bath,  muft  be  dried  without  being  waflicd, 
as  it  ought  not  to  be  rinfed  till  after  the  laft  bath.  The  cot- 
ton is  then  as  white  as  if  it  had  been  bleached  in  the  fields. 

The  bath  of  fliecp's  dung  is  not  ufed  in  our  manufaiiloriesj 
it  is  a  prai5lice  peculiar  to  the  Levant.  It  mav  be  believed 
that  the  dung  is  of  no  utility  for  fixing  the  colours ;  but  it  is 
known  that  this  fubftance  contains  a  great  quantity  of  vola- 
tile alkali,  in*  a  difengaged  (late,  wj^ich  has  the  property  of 
giving  a  rofy  hue  to  the  red.  It  is  therefore  prol)able  that  it 
is  to  this  ingredient  that  the  red  dyes  of  the  Levant  are  in- 
debted for  their  fplendour  and  vivacity.  This  much,  at  any 
rate,  is  certain,  that  the  Morocco  leather  of  the  Levant  is 
prepared  with  dog's  dung;  becaufe  it  has  been  found  that 
this  dung  is  proper  for  heightening  the  colour  of  the  lack. 
The  bath  of  dung  is  follovied  by  the  procefs  of  galling. 

The  galling  is  performed  by  immerfing  the  cotton  in  a 
bath  of  warm  water,  in  which  five  occas  of  pulverifed  gall- 
nuts  have  been  boiled.  This  operation  renders  the  cotton 
more  fit  for  being  faturated  with  the  colour,  and  gives  to  the 
dve  more  body  and  fircngth.  After  the  galling  comes  alum- 
ing,  which  is  performed  tw'ice,  w  ith  an  interval  of  tu-o  days, 
and  which  confids  in  dipping  the  cotton  into  a  bath  of  water 
in  which  five  occas  of  alum  have  been  infufed,  mixed  with 
five  occas  of  water  alcalifed  by  a  ley  of  foda.     The  aluming 
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mnfi  i)e  performed  with  care,  as  it  is  this  operation  which 
makes  the  colouring  particles  combine  bell  with  the  cotton, 
«ind  which  fecures  them  in  part  from  the  dcllru6live  aclion 
of  the  air.  When  the  fecond  aluming  is  finiflied,  the  cotton 
is  wrung;  it  is  then  prclled,  and  put  to  ibak  in  running  wa- 
ter, after  being  inclofed  in  a  bag  of  thin  cloth. 

The  workmen  then  proceed  to  the  dyeing. — To  conipofe 
the  colours  thcv  put  in  a  kettle  five  occas  of  water  and  thirty- 
five  occas  of  a  root  which  the  Greeks  call  ali-zari,  or  paint- 
ing colour,  and  u  hich  in  Europe  is  known  under  the  name 
of  madder.  The  madder,  after  being  pulverifcd,  is  nioillencd 
with  one  occa  of  ox  or  Ihccp's  blood.  The  blood  ftrengthcns 
the  colour,  and  tiie  dofe  is  increafed  or  lellencd  according  to 
the  fliadc  of  colour  required.  An  eepial  heat  is  maintained 
below  the  kettle,  but  not  too  violent;  and  when  the  liquor 
terments,  and  begins  to  grow^  warm,  the  Ikainsare  then  gra- 
dually inmierfod  before  the  liquor  becomes  too  hot.  Thev 
are  then  tied  with  packihiead  td  fmall  rods,  placed  crolTwife 
above  the  kettle  for  that  pu.pofe,  and  when  the  liquor  boils 
Well,  and  in  an  uniform  manner,  the  rods  from  which  the 
Ikains  were  fufpended  are  removed,  and  the  cotton  is  fuftered 
to  fall  into  the  kettle,  wliere  it  mult  remain  till  two-thirds 
of  the  water  is  evaporated.  When  one-third  onlv  of  the 
liquor  remains,  the  cotton  is  taken  out  and  waihcd  in  pure 
>jater. 

The  dve  is  afterwards  brought  to  perfuciion  by  means  of  a 
-bath  alcalifed  witli  foda.  This  manipulation  is  the  moft  dif- 
ficult and  the  moll  delicate  of  the  whole,  becaufe  it  is  that 
V  hich  gives  the  colour  its  tone.  The  cotton  is  thrown  into 
this  new  bath,  and  made  to  boil  over  a  Iteadv  lire  till  the 
colour  aHunics  the  required  tint.  The  whole  art  conlills  in 
catching  the  proper  degree :  a  careful  workman,  therefore, 
mult  vi'atch  with  the  utmolt  attention  for  the  moment  when 
it  is  necelTary  to  take  out  the  cotton,  and  he  will  rather  burn 
his  hand  than  niifs  that  opportunity. 

It  appears  that  this  bath,  v/hich  the  Greeks  think  of  fo 
much  importance,  might  be  fupplied  by  a  ley  of  foap;  and 
it  is  probable  that  iaponaceous  water  would  give  tlie  colour 
more  brightncls  and  puritv. 

When 
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When  the  colour  is  too  weak,  the  Levantines  know  hoMr 
to  ftrengtheu  it  by  incrc.iting  t!ic  dole  of  the  colouring  lub- 
trances ;  and  when  they  wilh  to  give  it  brightneli;  and  I'plen- 
dour,  thev  eniplov  diiferent  root.s  oi"  the  country,  and,  in  |)ar- 
tdcular,  one  ivdn\<:AjaJJ'un,  fpccinieus  of  which  I  have  lent  to 
i'rauce. 

The  ali-zari,  which  is  the  principal  colouring  matter  em- 
ploved  in  the  Greek  dve-houles,  is  collcCled  in  Natolia^ 
and  is  brought  to  Greece  from  Smyrna  :  fon)c  of  it  comes 
alia  from  Gvprus  and  iMefopotamia.  The  fuperioritv  of  this 
Levantine  plant  to  the  Iiluroncan  madder  is  acknowledged  by 
all  thofe  acquaiiiled  v.ith  the  art  cjf  dyeing,  and  may  arife 
tVom  two  caufes ;  the  manner  in  which  it  is  cultivated,  and 
tlic  method  employed  for  its  deficcation. 

As  the  ali-zari  appears  to  be  of  a  v.cakcr  conftitntion  tliaii 
the  common  madder:  as  its  branches  are  more  delicate,  its 
leaves  linoothcr  and  tenderer,  and  its  ftem  more  fragile,  it 
is  fupp.orted  by  Iticks,  as  peafe  are  among  us.  A  well  nou- 
riOied  Item  ac(juircs  in  this  manner  miTc  confiitcnce,  and 
lends  forth  more  roots.  It  is  to^.  l^e  obferved,  that  if  is  the 
woody  part  of  the  roots  which  aii'ords  the  greatelt  uuantity  of 
colouring  particles.  The  ali-zari  is.  not  collected  till  the 
lifih  or  lixth  year,  that  is  to  fay,  when  it  has  accuired  its 
lull  llrength;  while  in  France  and  Zealand,  where  land  is  of 
more  value  than  in  the  Levant,  the  inhabitants  wilh  to  reap 
too  foon,  and  colleci  the  madder  before  it  conus  to  complete 
nialuritv. 

'I'hc  metljod  employed  in  the  deficcation  contributes  alfo 
to  iuiprove  the  quality  of  the  ali-zari.  'I'he  Levan'.ines  dry 
it  in  the  open  air;  and  this  ojjera'iim  is  eafy  in  a  jountry 
v,here  i^reat  drynefs  prevails  in  the  ataH>iphere,  wlnle,  in  our 
damp  climates,  we  are  obliged  to  dry  the  m-adci  jr  by  Itovcs. 
Hence  it  happens  th:il  tlie  fmoke,  v.hicii  mixes  nielf  with 
the  cold  air.  and  penetrates  the  roots,  inii)refnaies  tixcm  witli 
ful^/mous  particles,  which  alter  the  colouring  fubftance;  an 
ae.'idvmt  which  does  not  t:;':e  -place  when  lii<;  madder  is  dried 
without  the  ailillancc  of  i)rc.  It  is,  houever,  poiiible,  that 
the  ali-zari  and  madder  may  never  produce  the  f;ane  tone  of 
colour,  uoLwithftanding  all  the  care  that  may  be  empluycd 
'  8  ^  '  iu 
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irt  the  culture  and  drying  of  the  latter ;  becaufe  there  may 
be  as  much  ditTcrence  between  thefe  two  plants,  fo  like  to 
each  other,  as  between  the  goals  of  France  and  ihofe  of 
Angora. 

It  is  probable,  alio,  that  the  fuperlority  of  the  ali-zari  over 
madder  may  arife  only  from  its  ftem  being  tenderer,  and  by 
its  confequently  having  a  greater  difpofition  to  transform  it- 
fclf  into  fucculent  roots.  In  that  cafe,  feveral  of  our  indige- 
nous plants  of  the  family  of  the  ruh'io'  might  be  fubliituted 
in  its  place  vt'ith  advantage ;  fuch  as  the  gallmm  luteum  and 
gallium  Jiorc  alho,  found  in  abundance  on  the  hills  of  Poitou, 
and  the  madder,  which  grows  on  both  fides  of  the  Alps,  and 
\Wiich  has  been  diftinguidicd  by  the  name  of  rubia  la^'vis 
Tourincnjiian.  All  thefe  plants  give  a  red  as  beautiful  and 
as  pure  as  the  belt  madder ;  but  1  do  not  know  whether  the 
quantity  of  their  colouring  matter  is  equal  to  their  beautiful 
quality. 

The  chief  manufaftories  for  dyeing  fpun  cotton  red,  efla- 
bliflied  in  Greece,  are  in  Thefl'aly.  There  are  fome  at  Baba, 
Rapfani,  Tnurnavos,  I.arifla,  Pharfalia,  and  in  all  the  vil- 
lages fituated  on  the  fides  of  OfTa  and  Pelion,  Thefe  two 
mountains  may  be  confidered  as  the  alembics  that  diflil  the 
eternal  vapours  with  which  Olympus  is  crowned,  and  which 
difiribute  them  throughout  the  beautiful  valleys  fituated 
around  them.  Of  thefe  valleys,  that  of  Tempe  has  at  all 
times  been  difiiinguifiied  by  the  beauty  of  its  fhady  groves 
and  of  its  ftreams.  Thefe  Itreams,  on  account  of  their  lim- 
pidnefs,  are  very  proper  for  dyeing,  and  fupply  water  to  a 
great  number  of  manufactories,  the  moll  celebrated  of  which 
are  thofe  of  Ambeiakia, 

Ambclakia,  on  account  of  the  a£livity  which  prevails  in  i:, 
has  a  greater  refemblance  to  a  town  of  Holland  than  a  vil- 
lage of  Turkev.  This  village,  by  its  indullry,  comniunicateS 
life  and  aclivity  to  all  the  neighbouring  country,  and  gives 
birth  to  an  immenfc  trade,  which  conne6ls  Germany  with 
Greece  in  a  thouiand  ways,  its  population,  which  has  been 
tripled  within  thefe  fifteen  years,  amounts  at  prefent  to  40C0, 
and  all  thefe  people  cxift  by  dyeing.  None  of  thofe  vices  or 
cares  produced  by  idltnefs  are   known  here.     The  hearts  of" 
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the  inhabitants  are  pure,  and  their  countenances  uncloudecJ, 
Servitude,  which  degrades  the  countries  watered  by  the  Pe- 
neus,  has  not  yet  afctndcd  to  thefe  hills  :  no  Turk  can  refidc 
or  live  among  thefe  people ;  and  they  govern  thenifelves,  like 
their  anceftor.--,  by  iXitw  prctcyeros  and  their  own  magiftrates. 
Twice  have  the  favagc  mulfulmans  of  Lariffa,  envious  of  their 
eafe  and  happinefs,  attempted  to  fcale  their  mountains  in 
order  to  plunder  their  houTesj  and  twice  have  they  been  re- 
pulfed  by  hands  which  fuddenly  quitted  the  (buttle  to  aflumc 
the  inufket. 

All  hands,  and  even  thofe  of  the  children,  are  employed 
in  the  dye-houfes  of  Ambelakia ;  and  while  the  men  dye  the 
cotton,  the  women  are  fpinning  and  preparing  it.  The  ufe 
of  wheels  is  not  knov.  n  in  this  part  of  Greece  ;  all  the  cotton 
is  fpun  on  a  diltaff :  the  thread,  indeed,  is  certainly  not  fo 
round  or  equal,  but  it  is  fofter,  more  filky,  and  more  tena- 
cious; it  is  lefs  apt  to  break,  and  lafts  longer;  it  is  alfo  more 
eafily  whitened,  and  more  proper  for  being  dved.  It  is  a 
pieafing  fpeftacle  to  fee  the  women  of  Ambelakia,  each  fpin- 
ning from  a  diftaff.  and  fittlno^  converfinsx  tooether  on  the 
threlhold  of  their  doors ;  but  as  foon  as  a  Itranger  appears, 
they  indantly  retire  and  conceal  themfelves  in  their  houfes, 
manifefting,  like  Galatea,  in  their  precipitate  retreat,  a  defire 
of  flying,  and  of  Viewing  themfelves  : — 

Et  fiigit  ail  I'diices,  et  (e  cupit  ante  vide.i. 

The  eye  can  only  have  a  curfory  view  of  the  fliape  of  fome 
of  thefe  women ;  but  it  Hill  obfcrves,  with  furprife,  thofe 
flender  and  graceful  forms  of  the  ancient  Grecian  females, 
which  fervcd  as  models  to  the  mofi.  beautiful  flatues  in  the 
world. 


V.    An  Account   of  the   IFild  Horfcs   hi    Spani/h  America. 
Bj  D.  Felix  Azara*. 


IIESE  animals  were  originally  carried  from  Spain  by 
the  firfl  cpnquerorsj  and  are  of  the  Andalufian  breed.     They 

*  From  a  work,  not  yet  publifhcd,  on  the  natural  hlltory  of  ParaguaV,      ''.'t^ 
by  Don  Ftlix  Azjrn,  brother  of  the   laic  Spanhh  ambalTador  at  Paris. 
Tliii  pxriact  is  trai;ii!irtd  from  tltj  l'>^--/ide  VbUoJ'yphiqitc,  No.  9,  year  8. 
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rliicflv  frequent  the  fouthern  part  of  the  river  de  la  Plata, 
as  far  as  Hio  Negro,  the  country  of  the  Patagonians,  &c. 
The  wild  horles  of  all  thefe  countries  live  in  numerous  herds, 
feme  of  which,  it  is  faid,  confift  of  ten  thoufand.  As  fot-a 
as  they  perceive  domellic  horfes  in  the  fields,  they  run  to- 
wards tiieni  on  a  full  gallop,  pafs  through  tljc  middle  of 
them,  or  near  them',  carefs  them,  and  invite  them  with  a 
kind  of.grave  and  prolonged  neighing.  The  domeflic  horfes 
are  foon  feductjd,  unite  themfelves  to  the  independent  herd, 
and  cj^'part  along  with  them.  It  happens  not  unfrequeutly 
tiiat  travellers  are  flopped  on  the  road  by  the  cffe6l  of  this 
de-fertion.  To  prevent  it,  they  halt  as  foon  as  they  perceive 
thefe  wanderers,  watch  their  own  horfes,  and  endeavour  to 
iiig-hten  awav  the  others.  In  fuch  cafes  the  wild  horfes  fol- 
low  a  certain  kind  of  taclics;  fome  arc  detached  before,  and 
the  reft  advance  in  a  clofe  colnmTi,  which  nothing  can  in- 
terrupt. If  they  are  fo  alarmed  as  to  be  obliged  to  retire, 
they  change  their  direction,  but  without  fufi'ering  themfelves 
to  be  difperfed :  fometinies  they  make  a  great  number  of 
turns  around  thofe  which  they  wilh  to  feduce,  in  order  to 
frighten  them  ;  at  other  times  they  retire  after  making  one 
turn.  Thefe  manoeuvres  are  not  employed  during  the  night, 
for  the  wild  horfes  then  make  no  attempts.  The  author  is 
ignorant  whether  any  thing  of  the  fame  kind  takes  place 
between  one  herd  of  wild  horfes  and  another  for  the  purpofe 
of  recruiting  their  number.  lie  aiTerts  that  Buffon  is  mif- 
taken  in  favino;  that  thefe  wild  horfes  have  more  Itrenath 
and  fleetnefs  than  the  domeflic  horfes  of  the  country,  and 
that  they  do  not  differ  from  the  latter  either  in  height  or 
fliape :  but  he  indeed  obferves,  that  no  comparifon  can  be 
made  between  the  independent  and  domellic  Hate  of  thefe 
animals,  as  in  that  country  both  flates  arc  almofl  fimilar. 

Thofe  who  poflefs  ejlaricias,  or  paftures  for  keeping  do- 
nieftic  horfes,  place  in  them  a  certain  number  of  mares, 
which  are  never  broke  or  mounted.  Thev  remain  during; 
their  whole  lives  in  a  flate  of  perfedl  liberty  ;  and  for  every 
thirty  or  forty  mares  there  is  a  ftallion,  which  enjoys  the 
fame  independence.  They  are  counted  once  or  twice  a  week, 
in  ord^r  that  they  may  not  flray  from  the  habitation.     But 
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too  little  care  is  employed  in  the  choice  of  the  ftallions;  and 
this,  in  all  probability,  io  one  of  the  principal  caufcs  why 
thefe  horfes,  though  left  at  full  liberty,  are  neither  fo  beau- 
tiful nor  fo  good  as  thofe  of  Andalufia,  from  which  they  are 
defcended.  The  induftry  of  man  improves  iho  breed  ot  thofe 
animals  which  he  appropriate3  to  his  own  ix^Q,  and,  by 
bringing  their  fhape  and  organs  ^o  perfeftion,  indemnifies 
them  for  that  liberty  of  which  he  deprives  them.  Each 
{^allion  takes  poffelTion  of  a  fmall  troop  of  mares,  which  he 
keeps  collected  by  prefiing  them  with  his  chefl.,  and  by  biting 
them  if  they  do  not  obey  with  fufficicnt  docihty  :  the  marcs, 
on  the  other  hand,  remain  attached  to  their  fultans.  If  two 
Hall  ions  fight,  the  mares  do  not  abandon  the  conquered  for 
the  conqueror,  unlefs  the  former  has  fhewn  among  them  a 
deficiency  of  vigour. 

The  fillies  remain  with  their  mothers.  When  it  is  time 
to  break  the  colts  they  are  cut,  for  no  perfon  mounts  a  horfe 
until  that  operation  has  been  performed.  After  caftration, 
a  halter  is  put  upon  the  animal  intended  to  be  broke;  he  is 
tied  to  a  Hake;  a  faddle  is  placed  upon  hi.->  back,  and  well 
girded,  but  without  crupper  or  breaft-leather,  and  a  thong 
is  tied  round  his  under-lip,  to  which  is  faftened,  on  each 
fide,  a  rein,  in  order  to  govern  him.  The  horfeman  then 
mounts  with  large  fpurs,  and  rides  out  into  the  fields.  At 
^rft  the  young  horfe  capers  and  jumps  until  he  is  quite  fa- 
tigued;  after  which  he  is  brought  back  to  the  flake.  This 
exercife  is  repeated  feveral  times  in  the  courfe  of  the  fame 
day,  and  is  renewed  after  the  interval  of  feveral  day?  until 
the  courfer  capers  no  more.  He  is  then  employed  as  a  broke 
horfe,  but  with  a  halter  only;  a  bridle  is  not  put  upon  him 
til!  a  year  after,  at  which  time  he  quits  the  name  of  rodo- 
mont  to  alTume  that  of  horfe. 

As  foon  as  the  horfes  are  cut,  they  are  feparated  from  the 
mares,  and  put  among  tke  animals  of  the  horfe  fpecies  ufcd 
for  fervice,  which  receive  no  other  Ihelttr  or  food  than  what 
they  find  in  the  fields.  They  are  accuftomcd  to  live  in  one 
canton,  which  they  never  quit.  Each  unites  himfelf  to  a 
companion,  and  with  fuch  intimacy  that  inftances  have 
been  known  of  fome  of  thera,  after  running  away,  having 

return€;d 
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rctuFUPd  more  than  lixty  lea^fues  to  rejoin  their  old  friend. 
1  hcfe  friends  know  eacli  other  bv  their  ncighins;,  their  fmcll, 
and  the  noife  of  their  pace. 

When  the  proprietors  are  defirous  to  present  a  numerous 
troop  of  donieflic  horfes  from  feparatinfj;,  they  place  among 
them  a  young  mare  with  a  fmali  bell,  and  which  is  then 
called  the  godmother.  They  all  follow  her,  and  they  all 
know  and  feck  for  each  other  as  members  of  the  fame  fo- 
cicty.  'i'he  fame  effect  may  be  produced  by  attaching  the 
bell  to  one  of  the  horfes  of  the  troop. 

When  the  inhabitants  have  need  of  horfes,  a  man  on 
horfeback,  bearing  a  lance,  proceeds  towards  a  troop  of 
thcfe  animals,  and  drives  them  into  an  inclofure  formed  of 
paiiifades.  A  horfeman  tlien  enters  it,  and.  when  he  is 
within  reach,  entangles  the  horfe  which  he  wiflies  to 
catch  with  a  kind  of  rope;  for,  though  thefe  horfes  are  fit 
to  be  mounted,  and  faid  to  be  docile,  they  will  not  fuffer 
themfelves  to  be  touched  with  the  hand. 

From  what  has  been  faid,  it  may  be  readily  fecn  that  there 
is  really  very  little  ditTerence  between  the  habits  of  thefe  wild 
horfes  and  of  thofc  which  live  in  a  ilate  of  domefticitv.  It 
needs  excite  no  v/onder,  therefore,  that  there  Ihould  be  very 
little  in  regard  to  their  form,  fize,  and  qualiiics. 

W^hen  the  inhabitants  wifh  to  convert  fome  of  thefe  wild 
horfes  into  domeftic  ones,  people  mounted  on  horfeback 
proceed  towards  a  troop  ot  the  former ;  and  when  thev  ap- 
proach them  they  throw  fome  of  the  ropes  already  mentioned 
around  their  legs,  fo  that,  being  prevented  from  runninor, 
they  have  titne  to  fecure  them.  They  are  then  tied  to  a  ftake, 
or  a  tree,  not  by  the  four  legs,  as  fome  have  faid,  but  with 
a  fimple  halter  made  of  leather.  They  are  left  two  or  thrc-c 
davs  without  food  or  drink,  are  afterwards  cut,  and  are  then 
broke  in  the  fame  manner  as  the  donioftic  horfes.  The  horfe 
behaves  then  as  if  he  had  never  been  wild ;  but  it  is  not  true 
that  they  lofe  all  defire  of  recovering  their  liberty.  They 
readily  unite  with  a  troop  of  wild  horfes;  and  how  can  it  be 
otherwife,  fmce  thofe  even  which  have  been  reared  in  a  ftatc 
of  domefticity  have  no  repugnance  to  join  them  ? 

The  proprietors  of  the  clfarc'uis,  or  paftures  deftined  for 
•l  thofe 
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thole  horfes  which  have  been  tamed,  endeavour  not  only  to 
frighten  away  the  wild  horfes,  but  even  to  exterminate  them. 
With  that  view  they  beat  the  woods  in  quell  of  them,  drive 
them,  ifpoffible,  into  ravines^  and  kill  ihern  by  means  of 
lances. 

The  Pampas  eat  their  flefh,  and  particularly  tliat  of  the 
fillies,  colts,  and  mares ;  but  they  fometimes  kill  a  \ery  fat 
ftallion  to  make  a  fire  with  his  greafe  and  bones,  as  in  the 
country  of  Pampa  wood  is  extremely  fcarce. 

The  Spanifli  author  often  contradicts  Euflbn,  not  only  in 
regard  to  local  obfervations,  which  is  not  aftonilhing,  but 
alfo  in  regard  to  general  ideas,  fuch  as  the  influence  of  cli- 
mate, &:c.  D.  Felix  Azara  refutes  the  afTcrtion  of  the  French 
naturalift,  v/ho  afcribes  more  flrcngth  and  ficetnefs  to  the 
■kild  than  to  the  domeftic  horfes  of  thefe  countries.  He  even 
ailerts,  that  he  has  not  been  correcl:  in  faying  that  each  wan- 
dering troop  fubmit,  by  common  confent,  to  a  chief,  which 
ferves  as  a  guide ;  which  regulates  and  directs  their  move- 
ments;  forus  them  in  the  order  of  battle,  by  files,  compa- 
nies, fquadrons,  &c.  The  truth,  according  to  the  author,  is, 
that  each  ftallion  appropriates  to  himfelf  as  manv  mares  as 
he  can,  vchich  he  takes  care  of,  and  keeps  collected  ;  that 
he  combats  any  other  ftallion  which  attempts  to  deprive  him 
of  them;  and  that  each  wandering  troop  confifts,  therefore, 
of  a  number  of  fmall  diftintl  bodies,  which  fometimes  unite 
inlo  one. 

In  the  great  number  of  wild  troops  which  the  author  faw, 
he  never  obi'erved  any  other  prevailing  colours  than  bay, 
dark  brown,  and  jet  black.  If  it  fometimes  happens  that  a 
pied  or  dirty  grey  coloured  individual  is  fcen,  or  one  of  any 
other  colour,  it  may  with  certainty  be  concluded  that  it  is  a 
domeftic  horfe  which  has  deferted.  According  to  the  author, 
there  are  ninety  bay  for  one  dark  brown  hurfe ;  and  black 
horfes  are  fo  uncommon,  that  one  of  them  is  fcarcely  leen  in 
two  thoufand.  He  thence  infers,  that  thefe  three  colours, 
bay,  dark  brovi/n,  and  jet  black,  are  a  primitive  mark,  which 
diftinguiflies,  at  leaft  in  part,  the  horfes  which  recover  their 
liberty;  that  the  firft  horfe  and  mare  which  cxlfted  had  one 
of  thefe  three  colours,  and  moft  probably  the  bav,  lincc  \t 
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;»ppears  that,  among  tlic  wild  horfes,  the  black  is  becoming 
t'xtinft,  and  that  this  will  be  the  cafe  alfo  with  the  brown ; 
'lat,  taking  the  colour  as  an  index,  we  might  fay,  that  the 
hcfl:  breed  of  horfes  is  the  bay,  then  the  brown,  and  next 
the  black ;  all  the  other  colours  being  inferior,  as  they  are 
tlie  refult  of  more  diliant  decrradations  from  the  primitive 
horfe,  which  muft  have  been  the  moft  perfecl.  Experience 
fcems,  in  fome  meafure,  to  confirm  thcfe  conje6lures;  for, 
except  in  a  few  cafes,  which  arc  of  little  coufequence,  the 
bays  are  the  mod  elleomed,  and  the  browns  hold  the  next 
rank.  He  obferves,  that  in  France  a  prejudice  is  entertained 
againft  the  laft-mentioned  colour,  which  he  thinks  unrea- 
fonable,  and  which  in  his  opinion  feems  to  fliew  that  tlie 
French,  in  this  refpeft,  have  not  fo  much  difcernment  as  the 
Spaniards.  Thefe  obfervations,  and  the  inferences  which  the 
author  draws  from  them,  feem  to  weaken  the  confidence 
which  might  be  placed  in  what  has  been  faid  by  BufTon,  ort 
the  authority  of  Herodotus,  Leo  Africanus,  and  Marco  Polo^ 
of  wild  white  horfes  faid  to  have  exilted  in  Arabia  and  Nu- 
niidia.  We  know  how  fufpicious  the  teftimony  of  the  an- 
cients is  in  regard  to  natural  hiftory,  and  that  the  authority 
of  Buffon  himfelf  has  little  w-eight  when  he  gives  tertimoniea 
inftead  of  obfcrved  fuels. 


\^r.  An  Account  of  the  Pearl  Fi/Jjcry  in  the  Gnlph  of  Miinar, 
ill  March  and^  April  1 7 97.     Bj  Henf.y  J.  Le  Eeck, 

i  ROM  the  accounts  of  the  former  pearl  fiilierles  at  Cey- 
lan,  it  will  be  found,  that  none  have  ever  been  fo  produ<S:ive 
as  this  year's.  It  was  generally  fuppofed  that  the  renter 
would  be  infallibly  ruined,  as  the  fum  he  paid  for  the  pre- 
fent  fitbery  was  thought  exorbitant  when  compared  with 
what  had  been  formerly  given  :  but  this  conje6lure  in  the 
event  appeared  ill-founded,  as  it  proved  extrehiely  profitable 
and  lucrative. 
The  farmer  this  time  was  a  Tamul  merchant,  who,  for 

*  From  the  AJialic  Rcfcojchcs,  VoJ.  V, 
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the  privilege  of  fifliing  with  more  than  the  ufual  number  of  . 
denies  or  boats,  paid  between  two  and  three  hundred  thou-  \ 
fajid  Porto-novo  pagodas  ;  a  fum  nearly  double  tiie  ufual  rent. 

Thefe  boats  he  farmed  out  again  to  individuals  in  the  befi 
manner  he  could,  but  for  want  of  a  fuHicient  number  of 
divers  fouje  of  them  could  not  be  employed i 

Tiie  fifhing,  which  commonly  began  about  the  niiddie  of 
February,  if  wind  and  weather  allowed,  was  this  year,  for 
various  reafons,  delayed  till  the  end  of  the  month  5  yei,  fo 
favourable  was  the  weather,  that  the  renter  was  able  to  take 
advantage  of  the  permiflion  granted  by  the  agreement,  to  fiili 
a  little  longer  than  the  ufual  pcricxl  of  thirty  days. 

The  fifliery  cannot  well  be  continued  afitr  the  fetting-in 
of  the  fouthern  monfoon,  which  ufuallv  happens  about  the 
15th  of  April,  as,  after  that  time,  the  boats  would  not  be 
able  to  reach  the  pearl  banks,  and  the  water  being  then  fo 
troubled  bv  heavy  feas,  diving  would  be  impracticable ;  in 
addition  to  v»hich,  the  fea-W'eed,  a  fpecies  o^  fucus,  dri\en 
in.  by  the  foutherly  wind,  and  which  fpreads  to  a  conlidera- 
ble  diftance  from  the  lliore,  would  be  an  impediment. 

Many  of  the  duerSj  being  Roman  Catholics,    leave  the       t 
fiftiery  on  Sundays  to  attend  divine  fervicc  in  their  church  at       i 
Aripoo;  but  if  either  a  Mahomedau  or  Hindoo  feftival  hap- 
pens during  the  lifhing  days,  or  if  it  is  interrupted  by  ftormy 
weather,  or  any  other  accident,  thi.-  loft  time  is  made  up  by 
cbliH;ing  the  Catholics  to  work  on  Sundays. 

The  fear  of  Iharks,  as  we  fliall  fee  her^^after,  is  alfo  an- 
Qther  caufe  of  interruption.  Thefe,  amongft  fome  others, 
are  the  reafons  that,  out  of  two  months,  (from  Fcbruarv  till 
April,)  feldom  more  than  tliirty  days  can  be  employed  in  the 
filhery. 

As  this  time  would  be  infufficient  to  fiHi  all  the  bauksj 
(each  of  which  has  its  appropriate  name,  both  in  Dutch  and 
Taraul,)  it  is  carried  on  for  three  or  four  fucceluve  years, 
and  a  new  contract  annually  made,  till  the  whole  banks  have 
been  fiHied;  after  which  they  are  left  to  recover. 

The  length  of  tinie  required  for  this  purpofc,  or  from  one 
general  fiihing  to  another,  has  not  yet  been  exacUy  deter- 
mined ;  it  was  therefore  a  practice  to  depute  fome  perfons  to 
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vifit  the  binks  annuallv,  and  to  give  their  opinion,  whether 
a  filherv  might  be  undertaken  with  any  degree  of  fucccfs  *  ? 

From  various  accounts,  whicli  I  have  colIe6led  from  good 
authority,  and  the  experience  of  thofe  who  aflifted  at  fueli 
examinations,  1  conjeciture,  that  every  fevcn  years  fuch  a 
general  fillierv  could  be  attempted  with  advantage,  as  thii 
interval  fccms  fufficient  for  the  pearl  fliells  to  attain  their 
growth  :  I  am  alfo  confirmed  in  this  opinion  by  a  report, 
made  by  a  Dutch  governor  at  Jafnas,  of  all  the  fifherics  that 
have  been  vmdertaken  at  Ceylon  fince  1722  ;  a  tranflation  of 
which  is  to  be  found  in  Wolfe's  Travels  into  Ceylon.  But 
the  ruinous  condition  in  which  tlie  divers  leave  the  pearl 
banks  at  each  fidiery,  bv  attending  only  to  the  profit  of  in- 
dividuals, and  not  to  that  of  the  public,  is  one  great  caufe 
that  it  requires  twice  the  above-mentioned  fpace  of  time,  and 
fometimcs  longer,  for  rendering  the  filhing  produ(^live.  They 
do  not  pav  the  lead  attention  to  I'pare  the  young  and  imma- 
ture flieHs  that  contain  no  pearl ;  heaps  of  them  are  fecn 
thrown  out  of  the  boats  as  ufelcfs  on  the  beach  between 
Maniir  t  and  Aripoo:  ifthefe  had  been  fufiered  to  remain 
in  their  native  beds,  they  would,  no  doubt,  have  produced 
manv  line  pearls.  It  might  therefore  be  advifiible  to  oblige 
the  boat-people  to  thro\v  them  into  the  fea  again  before  the 
boats  leave  the  bank.  If  this  circumfpettion,  in  fparing  the 
fmall  pearl  fliclls  to  perpetu  ite  the  breed,  was  always  ob- 
fervcd,  fucceeding  fiflicries  might  be  expc6led  fooncr,  and 
with  ftill  greater  fucccfs:  but  the  nedeft  of  this  fimple  pre- 
caution will,  I  fear,  be  attended  with  fimilar  fatal  cont'e- 
quences  here,  as  have  already  happened  to  the  pearl  banks 
on  the  coall  of  Perfia,  South  America,  and  Sweden,  where 
the  fifherics  are  by  no  means  lo  {)rofitable  at  prefent  as  they 
were  formerly. 

Another  caufe  of  the  dcflruftion  of  numbers  of  both  old 
and  voung  pearl  Ihells  is  the  anclioring  of  fo  many  boats 

*  A  gciulcm.Tn,  who  affiftcd  at  one  of  the  laft  nfits,  being  an  engineer, 
drew  a  chart  of  the  bimks,  by  whicli  th-ir  llcuation  and  fize  are  now  better 
kno.vn  thsn  formerly. 

t  Manara,  properly  Manar,  is  a  Tamul  word,  and  fignifies  a  fandy 
river,  from  the  (hallowucfs  of  the  i'ea  at  that  |Macc. 

Vol.  V.  X  K  on 
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on  the  banks ;  alnioft  all  of  them  ufed  differently  formed^ 
clumfy,  heavy,  wooden  anchors,  large  ftones,  Sec.  &c.     If  5 

this  evil  cannot  be  entirely  prevented,  it  might,  at  leaft,  be 
greatly  leflened,  by  obliging  them  all  to  ufe  anchors  of  a 
particular  fort,  and  Icfs  deftruftive. 

This  feafon  the  Seewcl  Bank  only  was  fifhcd,  which  lies 
above  twenty  miles  to  the  weftward  of  Aripoo,  oppofite  to 
the  frcfli  water  rivers  of  Moofalee,  Modragam,  and  Pompa- 
ripoo.  It  has  been  obferved,  that  the  pearls  on  the  north- 
weft  part  of  this  bank,  which  confifts  of  rock,  are  of  a  clearer 
water  than  thofe  found  on  the  fouth-eaft,  neareft  the  fhore, 
growing  on  corals  and  fand. 

Condatchey  is  fituated  in  a  bay,  forming  nearly  a  half  1 
moon,  and  is  a  vvafte,  fandy  diftricl,  with  fome  miferable 
huts  built  on  it.  The  water  is  bad  and  brackifh,  and  the 
foil  produces  only  a  few,  widely  fcattered,  ftunted  trees  and 
bulhes.  Thofe  perfons  who  remain  here  during  the  fiflicry 
are  obliged  to  get  their  water  for  drinking  from  Aripoo,  a 
village  with  a  fmall  old  fort,  lying  about  four  miles  to  the 
fouthward.  Tigers,  porcupines,  wild  hogs,  pangolines,  or 
the  Cej'lon  armadillos,  are,  amongft  other  quadrupeds,  here 
common.  Of  amphibia,  there  are  tortoifes,  efpeciallv-  the 
tejiudo  geenietrica,  and  various  kinds  of  fnakes.  A  concho- 
logill  meets  here  with  a  large  field  for  his  enquiries.  The 
prefents  which  I  made  to  the  people  employed  in  the  fiihery, 
to  encourage  them  to  collc6i  all  forts  of  fliells  which  the 
divers  bring  on  fhore,  produced  but  little  effect;  as  they  were 
too  much  taken  up  in  fearching  after  the  mother-of-pearl 
{hells  to  pay  attention  to  any  other  object.  However,  my 
endeavours  were  not  entirely  ufelefsj  I  will  fpecify  here  a 
few  of  the  number  I  collected  during  my  ftay  :  different 
kinds  of  pccllnes  *,  fal'ium  porphyrewn,  folen  rad'iatus  f, 
Venus  cajlrenjis  Linn.  %  ajlrca  hyotis  §,  ojlr,  ForJhoUi,  cjir. 
Malleus  11,  mjtilus  hirundo  Linn.  %  fpondilus  crociuSf  pholui 

♦  Scallops.  f  Radiated  razor-fhell. 

I  Alpha  cockle,  §  Double  cock's-comb. 

i'l  Hammer  oyfter;  thefe  were  pretty  large,  but  many  broken,  and  fome 
covered  by  a  calcareous  cruft.  It  ii>  very  probable  that  among  thofe  there 
may  be  fome  precious  white  ones.  <j  Swallow  mufde. 

piijUhis 
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Pujlllus  Linn,*,  mitra  epifcopalis  Linn.,  Upas  Jlriata 
Pennanii,  (vide  Zool.  Brit.)  patella  incarinata  Lin?!., 
bulla  perJeEia  viacnlata  f,  harpa  nobilis,  forcellana  julita 
Pumph.  X,  Jlrombus  fcorpio,  and  other  of  inferior  kinds. 
Amongft  the  zoophytes,  many  valuable  fpecics  of  fpongi^, 
coralline,  fatnlarice,  8:c.  a  great  variety  of  fea-ftars,  and 
other  marine  productions,  that  cannot  be  preferved  in  fpirits, 
but  fliould  be  defcribed  on  the  fpot.  Thefe,  as  well  as  th« 
defcription  of  the  different  animals  inhabiting  the  (hells,  arc 
the  more  worthy  of  our  attention,  and  dtferve  farther  invef- 
tigation,  as  wc  are  yet  very  deficient  in  this  branch  of  na^ 
tural  hiftorv. 

During  the  fifliing  fcafon,  the  defert,  barren  place  Con- 
datchey  offers  to  our  view  a  fcene  equally  novel  and  aftb- 
nifliing.  A  heterogeneous  mixture  of  thoufands  of  people,  of 
'difierent  colours,  countries,  cafts,  and  occupationsj  the  num- 
ber of  tents  and  huts  erc6led  on  the  fea-fliore,  with  their 
.fliops  or  bazars  before  each  of  them  ;  and  the  manv  boats 
returning  on  fliore  in  the  afternoon,  generally  richly  laden ; 
all  together  form  a  fpe6lacle  entirely  new  to  an  European 
eye.  Each  owner  runs  to  his  rcfpeftive  boat  as  foon  as  it 
reaches  the  fliore,  in  hopes  of  finding  it  fraught  with  inniienfe 
treafure,  which  is  often  much  greater  in  imagination  than 
in  the  fliell ;  and  thoiigh  he  is  difappointed  one  day,  he  relies 
with  greater  certainty  on  the  next,  looking  forward  to  the 
fortime  promifed  him  by  his  flars,  as  he  thinks  it  impoflible 
for  the  aflrological  prediclions  of  his  Brahmen  to  err. 

To  prevent  riot  and  diforder,  an  officer  with  a  party  of 
Malays  is  ftationed  here.  They  occupy  a  large  fqu are,  where 
they  have  a  field-piece,  and  a  flag-flalFfor  fignals. 

Here  and  there  you  meet  with  brokers,  jewellers,  and  mer- 
chants, of  all  defcriptions ;  alfo  futtlers,  offering  provifions 
and  other  articles  to  gratify  the  fenfual  appetite  and  luxury. 
But  by  far  the  greater  number  are  occupied  with  the  pearls. 
Some  are  bufily  employed  in  afforting  them  ;  for  which  pur- 
pofc  they  make  ufe  of  fmall  brafs  plates  perforated  with  holes 
of  different  fizcs;  others  are  weighing,  and  offering  them  to 

•  Tiic  wood-piercer.  t  Di.ing  fnail,  (Grew,  Muf.) 

\  Salt-coury,  Kl. 

X  X  a  the 


34*^  An  Accojint  of  the  Pearl  F'tjhery  at  Ceylon. 

tlie  purchafer ;  while  others  are  drilling  or  boririg  them, 
which  they  perform  for  a  triHe. 

The  inllrument  thcfc  people  carry  about  with  them  for 
this  pur;x)fe  is  of  a  very  iiaiple  conftruclion,  but  requires 
much  llcill  and  excrcife  to  ufe  it;  it  is  made  in  the  following 
manner:  The  principal  part  confifts  of  a  piece  of  foft  wood, 
of  an  obtufe,  inverted,  conical  (liapc,  about  fix  inches  high 
and  four  in  diameter  in  its  plain  favfacc;  this  is  fupported 
by  three  wooden  feet,  each  of  which  is  more  than  a  foot  in 
length.  Upon  the  upper  flat  part  of  this  machine  arc  holes 
or  pits  for  the  larger  pearls,  and  the  fmalicr  ones  arc  beat 
in  with  a  wooden  hammer.  On  the  rig'nt  fide  of  this  ftool, 
lialf  a  cocoa-nut  iLell  is  faftened,  v/hich  is  filled  with  water. 
The  drilling  inftruments  arc  iron  fjiindles,  of  various  fizes, 
adapted  to  the  diiierent  dimenfions  of  the  pearls,  which  are 
turned  round  in  a  wooi'en  head  by  a  bow.  The  pearls  being 
placed  on  the  flat  furface  of  the  inverted  cone,  as  already 
mentioned,  the  operator,  fitting  on  a  mat,  prefles  on  the 
v.-Qoden  head  of  his  inftrument  with  the  left  hand,  while, 
with  liis  rightj  he  moves  the  bow  which  tiuns  round  the 
moveable  part  of  the  drill ;  at  tlie  linr.c  time  he  moiftens  the 
pearl,  occafionallv  dipping  the  little  finger  of  the  fame  hand 
into  the  water  of  tlie  cocoa-nut  fhell  with  a  dexterity  that 
can  only  be  attained  by  conitant  practice. 

AmongH:  the  crowd  arc  found  vagabonds  of  every  dcfcrip- 
tifin,  fuch  as  Pandarams.  Andce  or  Tiindu  monks,  fakirs, 
beggars,  and  the  like,  who  are  impertinently  troublefomc. 
Two  of  thefe  wretches  narticp.larly  attracted  the  attention  of 
the  mob,  though  tb.eir  I'uperftitious  penance  muft  have  dif- 
guftcd  a  man  of  the  leaft  reflection  :  one  had  a  gridiron,  of 
one  foot  and  a  half  long  and  the  fauic  in  breadth,  faiteTicd 
round  his  neck,  with  which  lie  always  walked  about,  nor 
did  he  lake  it  otf  cither  when  eating  or  flecping;  the  other 
had  fdltencd  round  that  member  which  decency  forbids  me 
to  mention,  a  brafs  rin<r,  and  fixed  to  it  was  a  chain,  of  a 
fathom  in  length,  trailing  on  the  ground;  the  links  of  this 
chain  were  as  thick  as  a  man's  finger,  and  the  u  hole  was 
exhibited  in  a  mod  fcandalous  manner. 

The  pefiilcntial  fmell  occafioned  by  the  nuu:;bers  of  putre- 
7  fying 
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V  "^?  pearl  fifiics,  renclerri  the  atmofi^bcrc  of  Coiidatchcy  fo 
iiifutriirably  oHcnfive  when  the  rouch-well  wind  blows,  that  it 
fenfibly  afl'e*its  the  olfactory  nerves  ot  any  one  unaccuftonicd 
to  krch  cadaverous  fmclls.  This  putret'aclion  generates  iin- 
mcnfe  numbers  of  worms,  flies,  niufkitocs,  and  other  vermin, 
al!  together  forming  a  fccne  ftrongly  dif]ileafing  to  tlie  fenfes. 

Thofe  who  are  not  providccF  with  a  hifficient  ilock  of  mo- 
ney fuller  great  hardOiips,  as  not  only  all  kinds  of  provifions 
arc  very  dear,  but  even  every  drop  of  good  water  niiid  be 
paid  for.  Thofe  who  drink  the  brackiOi  w'atcr  of  tliis  place 
are  often  attaeked  bv  licknefi.  It  mav  eafily  be  eoneeived 
what  an  effe*^  the  extreme  heat  of  the  day,  the  cold  ot  tlie 
night,  the  heavy  dews,  and  the  putrid  fmcll,  mad  ha'-  c  on 
weak  conflilutions.  It  is  therefore  no  wonder,  that  of  ihofe 
who  fall  lick  many  die,  and  nianv  more  return  home  with 
fevers,  fluxes,  or  other  equallv  fatal  diforders. 

The  many  dii'appointments  ufuallv  experienced  by  the 
lower  clafTes  of  men  in  particular,  make  them  often  repent 
of  their  coming  here.  They  arc  often  ruined,  as  they  rifk 
all  they  are  worth  to  purchafe  pearl  (liells  :  however,  there 
are  many  infianees  of  their  making  a  fortune  bevond  all  ex- 
pectation. A  particular  circumllancc  of  this  kind  fell  within 
mv  own  obfervation  :  a  day  labourer  bouglit  three  ovfters  * 
for  a  copper  fanam,  (about  the  value  of  two-pence,)  and  was 
fo  fortunate  as  to  find  one  of  the  largeit  pearls  which  the 
fiOiery  produced  this  feafon. 

The  donies  appointed  for  the  fiflierv  are  not  all  procured 
at  Ceylon ;  many  came  from  the  coafrs  of  Coromandcl  and 
Malabar,  each  of  which  has  its  diftinguiihing  number. 
About  ten  o'clock  at  night  a  gun  is  fired  as  a  fignal,  when 
thev  fail  from  Condatchey  with  an  eaffcrly  or  land  wind, 
under  the  direftion  of  a  pilot,  ff  the  wind  continues  fair, 
thev  reach  the  bank  before  day,  and  begin  diving  at  fun-rile, 
which  they  continue  till  the  well  or  fea- breeze  fets  in,  with 
which  they  return.     The  moment  they  appear  in  fight,  the 

*  Tile  Eaft  India  pearl  fh:'!  is  well  known  to  be  the  i:!a!r:x  pcrlamm 
(in.nlicr-dt'-p-arl)  of  Rumphius,  or  the  ^^ytHus  maigavhili'rui  C){\J\\\\yt\^%\ 
ntil'cq^itntiy,  the  general  term  pearl-oyiler  mult  be  erroneous:  how-ver, 
ai!  it  has  lo-?g  been  iu  common  ufc,  !  Ijjpc  to  be  excuftJ  for  contipi.-'.  •  it. 

colours 
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colours  are  hoifted  at  the  flag-ftaff,  and  in  the  afternoon  they 
come  to  an  anchor;  fo  that  the  owners  of  the  boats  are 
thereby  enabled  to  gel  tiicir  cargoes  out  before  night,  which 
may  amount  to  30,000  oy iters,  if  the  divers  have  been  aflive 
and  fucccfsful. 

Each  boat  carries  twenty-one  men  and  five  heavy  diving- 
flones,  for  the  ufe  of  ten  divers,  who  arc  called  in  Tamnl 
iaoly  Jcarer-;  the  rtfi:  of  the  crew  confifls  of  a  tandcl,  or  head 
boatman,  and  ten  rowers,  who  afiift  in  hfting  up  the  divers 
and  their  (hells. 

The  diving- (lone  is  a  niece  of  coarfe  granite,  a  foot  long, 
fix  inches  thick,  and  of  a  pyramidical  (biipe,  rounded  at  the 
fop  and  bottom.  A  large  hair  rope  is  put  tlirough  a  hole  in 
the  top.  Some  of  the  divers  ui'e  another  kind  of  ftone,  fhaped 
like  a  half  moon,  to  bind  round  their  bcllv,  fo  that  their  feet 
may  be  free.  At  prcfent  thefe  are  articles'  of  trade  at  Con- 
datchey.  The  moft  common,  or  pyramidical  ftone,  generallv 
weiohs  about  thirtv  pound?.  If  a  boat  has  more  than  five 
of  them,  the  crew  are  either  corporally  punilbed  or  fined. 

The  diving,  both  at  Cevlon  and  atTutucorin,  is  not  attend- 
ed wiib  fo  many  dirficultics  as  authors  imagine.  The  divers, 
confiding  of  ditfcrcnt  cafts  and  relio-ions,  (though  chieflv  of 
PaiTawcr  *  and  Mulfulmans,)  neither  make  their  b(x'lies 
fmooth  with  oil,  nor  do  the}'  Itop  their  ears,  mouths,  or 
nofcs  with  any  thinp:,  to  prevent  the  entrance  of  fait  water. 
Thev  are  icnorant  of  the  utility  of  diving-bells,  bliddcrs,  and 
tlouble  flexible  pipes.  According  to  the  injunctions  of  the 
ihark  conjurer  they  ule  no  food  while  at  v.ork,  nor  till  they 
renirn  on  fliore  and  have  bathed  thcmfches  in  frefli  u-ater. 
Thefe  Indians,  accuftomed  to  dive  from  their  earlieft  infancy, 
f.arlefsly  defccnd  to  the  bottom,  in  a  depth  of  from  five  to 
ten  fathoms,  in  fearch  of  trcafures.  By  two  cords  a  diving- 
ftonc  and  a  net  arc  conne6ted  with  the  boat.  The  diver, 
nutting  the  toes  of  his  right  foot  on  the  hair  rope  of  the 
divino-flone,  and  thofe  of  his  left  on  the  net,  feizes  the  two 
cords  with  one  hand,  and,  flmttlng  his  noftrils  with  the  other, 
plunircs  into  the  water.  On  reaching  the  bottom,  he  hangs 
the  net  round  his  neck,  and  collects  into  it  the  pearl  Oiclls 

*  Fiflicrmcn  of  tlie  Catholic  rtlii^ion. 
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as  faft  as  poflible  during  the  time  he  finds  himfclf  able  to 
remain  uiitier  water,  which  ufually  is  about  two  minutes. 
He  tlien  relumes  his  former  pofture,  and  making  afional,  by 
pulHng  the  cords,  he  is  immediately  lifted  into  the  boat.  Oa 
emerging  from  the  fea,  he  difcharges  a  quantity  of  water  from 
his  mouth  and  nofe,  and  thofe  who  have  not  been  long  enured 
to  diving  frequently  difcharge  fome  blood;  but  this  does  not 
prevent  them  from  diving  again  in  their  turn.  When  the 
firft  five  divers  come  up,  and  are  refpiring,  the  other  five  are 
going  down  with  the  fame  ftones.  Each  brings  up  about 
one  hundred  oyfiers  in  his  net,  and,  if  not  interrupted  by  any 
accident,  may  make  fifty  trips  in  a  forenoon.  They  and  the 
boat's  crew  get  generally  from  the  owner,  inflead  of  money, 
a  fourth  of  the  quantity  .which  they  bring  on  fliorej  but  fom'e 
are  paid  in  cafh,  according  to  agreement. 

The  moft  fkilful  divers  come  from  Collifli,  on  the  coaft  of 
Malabar  J  fome  of  them  are  fo  much  exercifed  in  the  art,  as  to 
be  able  to  perform  it  Vv  ithout  the  affiftance  of  the  ufual  weight, 
and  for  a  handfome  reward  will  i-emain  under  water  for  the 
fpacc  of  feven  minutes :  this  I  faw  performed  by  a  Caffry 
boj,  belonging  to  a  citizen  at  Karical,  who  had  ofien  fre- 
quented the  fifheries  of  thefe  banks.  Though  Dv.  Halley 
deems  this  impoiiible,  daily  experience  convinces  us,  that, 
by  long  praiSlicc,  any  man  may  bring  himfelf  to  remain  under 
water  above  a  couple  of  minutes.  How  much  the  inhabit- 
ants of  the  South  Sea  Iflands  diftinguifa  themfelves  in  diving 
we  learn  from  feveral  accounts ;  and  who  will  not  be  fur- 
prifed  at  tiie  wonderful  Sicilian  diver  iCicholas,  furnamed  the 
Pilli  ^*  ? 

Every  one  of  the  divers,  and  even  the  inoft  expert,  enter- 
tain a  great  dread  of  the  Hiarks,  and  will  not,  on  anv  ac- 
count, defcend  until  the  conjurer  has  performed  his  cere- 
monies. This  prejudice  is  fo  deeply  roote(#  in  their  minds, 
that  the  government  was  obliged  lo  keep  two  fuch  conjurers 

*  According  to  Kircher,  he  fell  a  vi6tiin  a.iiongfl  the  Pa'.ypes  in  die 
gu'ph  of  Chirybdis,  on  his  plunging,  for  the  ftcond  time,  in  ks.  dan-i" 
gerous  whirlpool," both  to  faiisry  the  -curiofity  of  hk  king,  Fredeiic,  ehJ 
h\s  inclin:ition  for  wealth.     I  iviJl  not  rrcti-nd  ru  dcitiniine  how  far  tiis 
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344  -^^  Account  of  the  Pearl  Fifbery  at  Ceylon. 

always  in  their  pav,  to  remove  the  fears  of  their  divers 
Thirteen  of  thefe  men  v/cre  now  at  the  fiiliery  from  Ceylon 
and.  the  coaft,  to  profit  by  the  fuperftitious  folly  of  thcfe 
deluded  people.  They  are  called  in  Tanuil  Filial  Kadt'ur, 
which  fignifies  one  who  binds  the  fliarks,  and  prevents  iheui 
from  doing  mifchicf. 

The  manner  of  enchanting  confifts  in  a  number  of  prayers 
learned  by  heart,  that  nobody,  probal)ly  not  even  the  con- 
jurer himlelf,  unclfrftauds,  which  he,  fianding  on  the  fliorc, 
continues  mutterinp-  and  srumblino-  from  fun-rife  until  the 
boats  return:  during  this  period  they  are  obliged  to  abltain 
from  food  and  llctp,  olherwife  their  prayers  would  have  no 
avail ;  they  arc,  however,  allowed  to  drink,  which  privilege 
they  indulge  in  a  high  degree,  and  are  frequently  fo  giddy 
as  to  be  rendered  very  unfit  for  devotion.  Some  of  the  con- 
jurers accompany  the  divers  in  their  boats ;  which  plealc s 
them  very  much,  as  they  have  their  proteilors  near  at  hand. 
Neverthelefs,  I  was  told,  that  in  one  of  the  preceding  filberi.s 
^  diver  loft  his  leg  by  a  ibark  ;  and  when  the  head  conjurer 
was  called  to  an  account  for  the  accident,  he  replied,  that  an 
old  wilch  had  juft  come  from  the  coaft,  who,  from  envy  aud 
malicC;  had  caufed  this  difafter  by  a  counter-conjuration, 
which  made  fruitlefs  his  Ikill,  and  of  which  he  was  informed 
too  late :  but  he  afterwards  fliewed  his  fuperiority  by  cn- 
chantinor  the  poor  fliarks  'io  cflectually,  that,  though  they  ap- 
peared in  the  midll:  of  the  divers,  they  were  unable  to  open 
their  mouths.  During  my  ftay  at  Condatchey,  no  accident 
of -this  kind  happei'.cd.  If  a  (liark  is  fcen,  the  divers  immc- 
diatelv  make  a  fignal,  which  on  perceiving,  all  the  boats  re- 
turn inftantly.  A  diver  who  trod  upon  a  hammer-oylter, 
and  was  foraewhat  wounded,  thought  he  was  bit  bv  a  ftiark, 
confequentlv  made  the  ufual fignal;  which  caufed  many  boats 
to  return;  for  valiich  miftake  he  was  afterwards  puniihed. 

The  owners  of  tlie  boats  *  fometimes  fell  their  oyftcrs,  and 
at  other  times  open  them  on  their  own  account.  In  the  latter 
cafe,  fome  put  them  on  mats  in  a  fquare,  furroundcd  wilh  a 

•  Thcfe  arc  the  incli\ii!uals  wliicli  farm  one  or  more  boats  fiDm  the 
renttr;  and  rbougii  they  arc  in  paireirionlS'f  them  only  during  the  lifliery, 
they  ar^;  commonly  called  the  owucis  of  the  uoits, 
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f;nce ;  others  dig  holes  of  almoft  a  foot  deep,  and  throw 
them  in  till  the  animal  dies ;  after  which  they  open  the 
(hells,  and  take  out  the  pearls  with  more  eafe.  Even  thefe 
Iquares  and  holes  are  fold  by  auilion  after  the  fifhery  is 
finiflied,  as  pearls  often  remain  there  mixed  with  the  fand. 

In  fpite  of  every  care,  tricks  in  picking  out  the  pearls  from 
the  oyrtcrs  can  hardly  be  prevented.  In  this  the  natives  are 
extremely  dexterous.  The  following  is  one  mode  they  put 
in  prafticc  to  effecl  their  purpol'e  :  when  a  boat-owner  em- 
ploys a  number  of  hired  people  to  collect  pearls,  he  places 
over  them  an  infpeclor  of  his  own,  in  whom  he  can  confide; 
thefe  hirelings  previoufly  agree  that  one  of  them  fliall  play 
the  part  of  a  thief,  and  bear  the  punifhment,  to  give  his 
comrades  an  opportunity  of  pilfering.  If  one  of  the  gang 
happens  to  meet  with  a  large  pearl,  he  makes  a  fign  to  his 
accomplice,  who  inrtantly  conveys  away  one  of  fmall  value, 
purpofely,  in  fuch  a  manner  as  to  attract  notice.  On  this 
the  infpeftor  and  the  reft  of  the  men  take  the  pearl  from 
him  :  he  is  then  punifhed,  and  turned  out  of  their  company. 
In  the  mean  time,  while  he  is  making  a  dreadful  uproar,  the 
real  thief  fecures  the  valuable  pearl,  and  afterwards  the  booty 
is  (liared  with  him  who  fuffered  for  them  all.  Befides  tricks 
like  thefe,  the  boat-owners  and  purchafers  often  lofe  many 
of  the  beft  pearls  while  the  dony  is  returning  from  the  bank  ; 
for,  as  long  as  the  animal  is  alive,  and  untouched,  the  fhells 
are  frequently  open  near  an  inch ;  and  if  any  of  them  con- 
tain a  large  pearl,  it  is  eafily  difcovered,  and  taken  out  by 
means  of  a  fmall  piece  of  ftifFgrafs,  or  bit  of  ftick,  without 
hurting  the  pearl  fifh.  In  this  practice  they  are  extremely 
expert.  Some  of  them  were  difcovered  whilft  I  was  there, 
and  received  their  due  punifhment. 

Gmelin  afks,  if  the  animal  of  the  mytilus  margaritifcriis  is 
an  aj'cidia  P  See  Linn.  Syft.  Nat.  torn.  I.  p.  vi.  3350.  This 
induces  me  to  believe  that  it  has  never  yet  been  accurately 
defcribed  ;  it  does  not  refemble  the  afcldia  of  Linnreus,  and 
may,  perhaps,  form  a  new  genus.  It  is  faftened  to  the  upper 
and  lower  fliells  by  two  white  flat  pieces  of  mufcular  fub- 
itance,  which  are  cajjed  by  Houttuin  *  ears,  and  extend 
*  Vide  Hout-.  Nat.  Hiih  Vol.  I.  p.  xv.  p.  381,  iec^. 

Vol.  V,  Yy  about 
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about  two  inches  from  the  thick  part  of  the  body,  grcvlng 
gradually  thinner.  The  extremity  of  each  ear  lies  loofe,  and 
is  furrounded  by  a  double  brown  fringed  line.  Thefe  he  al- 
moft  the  third  of  an  inch  from  the  outer  part  of  the  (hell, 
and  are  continually  moved  by  the  animal.  Next  to  thefe, 
above  and  below,  are  (ituated  two  other  double  fringed  move- 
able fubftances,  like  the  branchiae  of  a  fi(h.  Thefe  ears  and 
fringes  are  joined  to  a  cylindrical  piece  of  flefh  of  the  fize  of 
a  man's  thumbs  which  is  harder  and  of  a  more  mufcular 
nature  than  the  reft  of  the  body.  It  lies  about  the  centre  of 
the  fliells,  and  is  firmly  attached  to  the  middle  of  each.  This, 
in  fa6l,  is  that  part  of  the  pearl  fifti  which  ferves  to  open  and 
flmt  the  fliells.  Where  this  column  is  faftened,  we  find  on 
the  flefh  deep  impreflions,  and  on  the  fhell  various  nodes  of 
round  or  oblong  forms,  like  imperfect  pearls.  Betiveen  this 
^art  and  the  hinge  {caxdo)  lies  the  principal  body  of  the  ani- 
mal, feparated  from  tbe  refl,  and  fhaped  like  &  bag.  The 
mouth  is  near  the  hinge  of  the  fliell,  enveloped  in  a  veil,  and 
has  a  double  flap  or  lip  on  each  fide ;  from  thence  we  ob- 
ferve  the  throat  [oefophagus)  defcending  like  a  thread  to  the 
ftomach.  Clofe  to  the  mouth  there  is  a  curved  brownifh 
tongue,  half  an  inch  jn  length,  with  an  obtufe  point ;  on 
the  concave  fide  of  this  defcends  a  furrow,  which  the  ani- 
mal opens  and  fhuts,  and  probably  ufes  to  convey  food  to 
its  mouth  *.  Near  its  middle  are  two  blueifh  fpots,  which 
feem  to  be  the  eyes.  In  a  pretty  deep  hole,  near  the  bafe  of 
the  tongue,  lies  the  beard  {byjfus)^  faftened  by  two  flefliy 
roots,  and  confifting  of  almoft  one  hundred  fibres,  each  an 
inch  long,  of  a  dark  green  colour,  with  a  metallic  luftre  ; 

'■  The  deptli  at  which  the  pearl  fiih  generally  is  to  be  found,  hindered 
me  from  paying  any  attention  to  the  locomotive  power,  wnich  I  have  no: 
the  leaft  doubt  it  polleflTcs,  ufing  for  thi>  piirpofe  its  tongue.  This  con- 
jcfture  is  ftren^thened  by  the  accurate  obl'ervations  made  on  mufcles  by 
the  celebrated  Reaumur,  in  which  he  found  that  this  body  ferves  them  as 
a  leg  or  arm,  to  move  from  one  place  to  another.  Though  tiie  divers  arc 
very  ignorant  with  regard  to  the  cEConomy  of  the  pearl  fifh,  this  changing 
of  habitation  has  been  long  fince  obferved  by  them.  They  allege,  that  it 
alters  its  nbode,  when  difturbed  by  an  enemy,  or  in  fearch  of  food.  In  the 
former  cafe  they  fay  it  corriinonly  dtfcends  from  tltc  fummi:  of  the  bark 
tw  iU  declivity. 

they 
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they  are  xmdlvided,  parallel,  and  flattened.  In  general,  the 
hy/fiis  is  more  than  three  quarters  of  an  inch  without  the 
cleft  (rima);  but  if  the  animal  is  difturbed,  it  contra6ls  it 
confidcrably.  The  top  of  each  of  thcfe  threads  terminates 
in  a  circular  gland  or  head,  like  the  JHgma  of  many  plants. 
With  this  hjlJus  they  faflcn  themfclves  to  rocks,  corals,  and 
other  folid  bodies ;  by  it  the  young  pearl  filh  cling  to  the 
old  ones,  and  with  it  the  animal  procures  its  food,  by  ex- 
tending and  contrafting  it  at  plcafure.  Small  fliell  fiftj,  on 
wliich  thev  partly  live,  are  often  found  clinging  to  the  for- 
mer. The  ftomach  lies  clofe  to  the  root  of  the  beard,  and 
has,  on  its  lower  fide,  a  protrafted  obtufe  point.  Above  the 
ftomach  are  two  fmall  red  bodies,  like  lungs ;  and  from  the 
flomach  goes  a  long  channel  or  gut,  which  takes  a  circuit 
round  the  nlufcular  column  above  mentioned,  and  ends  in 
the  anus,  which  lies  oppofite  to  the  mouth,  and  is  covered 
with  a  fmall  thin  leaf,  like  a  flap.  Though  the  natives  pre- 
tend to  diftinguifh  the  fexes  by  the  appearance  of  the  fhell, 
I  could  not  find  any  genitalia.  Tiie  large  flat  ones  they 
call  males,  and  thofe  that  are  thick,  concave,  and  vaulted, 
they  call  females,  ov  pedoo-chippy,  but,  on  a  clofe  mfpec- 
tion,  I  could  not  obferve  any  vifible  fexual  difference. 

It  is  remarkable  that  fome  of  thefe  animals  are  as  red  as 
blood,  and  that  the  infide  of  the  fhell  has  the  fame  colour, 
with  the  ufual  pearly  lufl:re ;  though  my  fervants  found  a 
rcddifli  pearl  in  an  oyfterof  this  colour,  yet  fuch  an  event  is 
very  rare.  The  divers  attribute  this  rednefs  to  the  ficknefs 
of  the  pearl  fifh,  though  it  is  moft  probable  that  they  had  it 
from  their  firft  exiflence.  In  the  Ihade  they  will  live  twenty- 
four  hours  after  being  taken  out  of  the  water.  This  animal 
is  eaten  by  the  lower  clafs  of  Indian?,  either  fre(h  in  their 
curries,  or  cured  by  drying;  in  which  ftatethey  are  exported 
to  the  coaftj  though  I  do  not  think  them  by  any  means 
palatable. 

Within  a  mother-of-pearl  fliell  I  found  thirteen  murices 
7LUilati  ('i;zV<?Chemnit2*sNewSyftem, Cabt.V0l.XI.tab.192, 
f.  1851  and  1852),  the  largeft  of  which  was  three  quarters 
of  an  inch  long ;  but,  as  many  of  them  were  putrid,  and  the 
pearl  fifh  itfelf  dead,  I  could  not  afcerlaift  whether  they  had 

Y  y  a  crept 
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crept  in  as  enemies,  or  were  drawn  in  by  the  animal  Itfelf, 
At  any  rate  turtles  and  crabs  nre  inimical  to  the  animals,  and 
a  fmail  living  crab  was  found  in  one  of  thern. 

The  pearls  are  only  in  the  fofter  part  of  the  animal,  and 
never  in  that  firm  mufcular  column  above  mentioned.  We 
find  them  in  general  near  the  earth,  and  on  both  fides  of  the 
mouth.  The  natives  entertain  the  fame  foolifli  opinion  con- 
cerning the  formation  of  the  pearl  which  the  ancients  did  ; 
they  fuppofe  them  formed  from  dew-drops  in  connection  with 
fun-beams.  A  Brahmen  informed  me  that  it  was  recorded 
in  one  of  his  Sanfcrit  books,  that  the  pearls  are  formed  in  the 
month  of  May  at  the  appearance  of  the  Soatee  flar  (one  of 
their  twenty-feven  conftellations),  when  the  oyfters  come  up 
to  the  furface  of  the  water  to  catch  the  drops  of  rain.  One 
of  the  moft  celebrated  conchologills*  fuppofes  that  the  pearl 
is  formed  by  the  oyftcr  in  order  to  defend  itfelf  from  the  at- 
tacks of  the  pholadcs  and  boreiuorms.  But  we  mav  be  af- 
fured  that  in  this  fuppofition  he  is  miftaken ;  for,  although 
thefe  animals  often  penetrate  the  outer  layers  of  the  pearl 
fhell,  and  there  occafion  hollow  nodes,  yet,  on  examination, 
it  will  be  found  that  they  are  never  able  to  pierce  the  firm 
layer  with  which  the  infide  of  the  fhell  is  lined.  How  can 
the  pearls  be  formed  as  a  defence  againft  exterior  worms, 
when,  even  on  (lielis  that  contain  them,  no  worm-holes  are 
to  be  feen  ?  It  is  therefore  more  probable  thefe  worms  take 
up  their  habitations  in  the  nodes  in  order  to  protect  them- 
felves  from  the  attacks  of  an  enemy,  than  that  they  are  ca- 
pable of  preying  on  an  animal  fo  well  defended  as  the  pearl 
lilh  is.  It  is  unneceffary  to  repeat  the  various  opinions  and 
hypothefes  of  other  modern  authors;  it  is  much  eafier  to 
criticife  them,  than  to  fubftitute  in  their  place  a  more  ra- 
tional theory.  That  of  Reaumur,  mentioned  in  the  memoirs 
of  the  French  Academy  for  171 2,  is  the  moft  probable,  viz, 
that  the  pearls  are  formed  like  bezoars  and  other  ftones  in 
different  animals,  ami  are  apparently  the  cffecls  of  a  difcafe. 
In  fliort,  it  is  very  evident  that  the  pearl  is  formed  by  an  ex- 
travafation  of  a  glutinous  juice,  either  within  the  body,  or  on 
t-he  furface  of  the  animal :  the  former  caf^  is  the  moft  com-* 
*  The  Rev,  Mr.  Chtnniitz  at  Copenhagen. 

6  moi^, 
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mon.  Between  one  and  two  lumdrcd  pearls  have  been  found 
^\  ithin  one  oyltcr.  Such  exiravafations  may  be  ca>ifed  by 
heterogeneous  bodies,  fuch  as  fand,  coming  m  with  tlic  food, 
which  the  animal,  to  prevent  difagrecable  fridlion,  covers 
with  its  glatinous  matter,  and  which,  as  it  is;  fuccflively 
focreted,  forms  many  regular  lamcike  in  the  manner  of  the 
exeats  of  an  onion,  or  like  ditierent  ftrata  of  bezoars,  only 
much  thinner;  this  is  probable,  for  if  we  cut  through  the 
centre  of  a  pearl,  we  often  find  a  foreign  particle,  which 
ought  to  be  coniidered  as  the  nucleus,  or  primary  caufe  of 
Its  formation.  The  loofe  pearls  may  originally  have  been 
produced  within  the  body,  and,  on  their  increafe,  may  have 
feparated  and  fallen  into  the  cavity  of  the  fliell.  Thofe 
compact  ones,  lixed  to  the  fliells,  feem  to  be  produced  by 
limilar  extravafation  occaHoned  by  the  friction  of  fome 
roughnefs  on  the  infide  of  the  fnell.  Thefe  and  the  pcarl- 
like  nodes  have  a  different  afpccl  from  the  pearls,  and  are  of 
a  darker  and  bluer  colour.  In  one  of  the  former  I  found  a 
pretty  large,  true,  oval  pearl,  of  a  very  clear  water;  while  the 
node  itfelf  was  of  a  dark  blueidi  colour.  The  yellow  or  gold- 
culoured  pearl,  is  the  moft  efteemed  by  the  natives;  fome  have 
a  bright  red  luftre;  others  are  grey,  or  blackifli,  without  any 
ihining  appearance,  and  of  no  value.  Sometimes,  when  the 
grey  lamella  of  a  pearl  is  taken  off,  under  it  is  found  a  beau- 
titul  genuine  one  ;  but  it  oftener  happens  that,  after  having 
feparated  the  firft  coat,  you  find  a  worthlefs  impure  pearl. 
I  tried  feveral  of  them,  taking  one  lamella  off  after  another, 
and  found  clear  and  impure  by  turns ;  and  in  an  impure 
pearl  I  met  with  one  of  a  clear  water,  though  in  the  centre 
of  all  I  found  a  foreign  particle.  The  largefl  and  moft:  per- 
itOi  pearl  which  I  faw  during  my  Itay  at  Condatchey  -was 
about  the  lize  of  a  fmall  piilol  bullet,  though  I  have  been 
told  fince  my  departure  many  others  of  the  fame  fize  have 
been  found.  The  fpotted  and  irregular  ones  are  fold  cheap, 
and  are  chiefly  ufed  by  the  native  phylicians  as  an  ingredient 
in  their  medicines. 

We  may  judge  with  greater  or  leffer  probability,  by  the 
appearance  of  the  pearl  (liell,  whether  they  contain  pearls  or 
;|ot,     Thofe  that  have  a  thick  calcareous  crufl  upon  them, 

to 


3.^o  An  Accaunt  nf  tie  Tcarl  Ftfhery  at  Cejisn. 

to  which  ferpulce  (fea  tubes)  Tuhul'i  marini  irregulariter  in* 
tortly  Crijla-gali  Cbamar  laxuras^  Lepas  tintinahulum^  Ma-' 
dreporee,  MiUipore,  Cellipore,  GorgontcCy  SpojigLe,  and  other 
Zoophytes  are  faftened,  have  arrived  at  their  full  growth, 
and  commonly  Gontain  the  beft  pearls ;  but  thofe  that  appear 
{mcoth,  contain  either  none,  or  fmall  ones  only. 

Were  a  naturalift  to  make  an  excurfion  for  a  few  months 
to  Manar,  the  fmall  ifland  near  Jafna,  and  the  adjacent 
coaft,  he  would  difcover  many  natural  curioftties  ftill  buried 
in  obfcurity,  or  that  have  never  been  accurately  defer ibed. 

Indeed  no  place  in  the  Eafl  Indies  abounds  more  with 
rare  fiiells  than  thefe ;  for  there  they  remain  undifturbed,  by 
being  Iheltered  from  turbulent  feas,  and  the  fury  of  the  furf. 
I  will  juft  name  a  few  of  them  ;  viz.  Telli?iaJoliaca  Linn  *, 
Tell  Spenglerii,  Area  culculata  f,  Area  NocCy  John  anathius 
Linn.  Ojlrea  Ijhgnomumy  Terebttllumy  albidum,  Jlriatum^ 
Turbo  fcalaris  Xi  Bula  I'olva  Linn.§,  Vexillu7n  ingrilarutUf 
€^e.  Amongft  the  beautiful  cone  Ihells ;  conus  ihalaffiar-m 
cbus  AiigUcanus  cullatus  ||,  amadis  tbaffiarchus  con.  getie:- 
ralcis  Linn.  c.  capitaneus%f  c.  vtllts'^*,  c.  Jlercus  mujca- 
rumff,  c.  reteaureuniy  c.  glaucusWy  c.  cereola,  regia  cO" 
ronaj  murtis  lapidius,  cauda  ernwiea,  focutas  cordiuin.  There 
are  many  otlicrs  befides  thofc  already  mentioned^  equally  va* 
luable  and  curious. 

The  great  fuccefs  of  the  Rev.  Doctor  John  in  conchology 
when  at  Tutucorin,  and  aflifted  by  G.  Angelbeck,  with  a 
boat  and  divers;  and  the  capital  colle(Slions  made  by  his 
agents,  whom  he  afterwards  fent  there  v.ith  the  necefTar)' 
inllruiStions  and  apparatus,  may  be  feen  in  Chemnitz's  ele- 
gant Cabinet  of  Shells  in  4to,  (with  illuminated  plates) ;  and 
bow  many  new  fpecies  of  Zoophytes  he  difcovered,  we  learn 
from  another  German  work  by  Lfper  at  Krlangen,  the  third 
volume  of  which  is  nearly  fiuiflied, 

'  The  golden  tong.  ■}■  Moonkffspe.  *  Royal  ftaircaf^. 

§   Wc3vc;r';>  Ihuttlc.  jj  Rcd  Euglifl)  adniiral. 

1  Green  Uaa.pcr«  **  Garrer  ftaiTificr. 

ft  -Great  hiA  liainpcr.  ^J  Capf.  Gouw. 
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VII.  Account  of  n  nezu  Method  of  Bleaching  Cotton.     By 
C.  Chaptal,  Member  of  the  National  InjHtu/e*, 

X  HE  happy  applications  which  C.  Berthollet  has  made 
of  the  oxygenated  muriatic  acid,  in  the  bleaching  of  (luffs 
manufafturcd  from  vcgetal)le  fuhftances,  feems  to  have  ear- 
ned this  art  very  near  to  perfe»ition ;  but  this  method  is  not 
every  where  attended  with  the  fame  degree  of  economy.  Be- 
lidcs,  the  procefs  requires  very  Ikilful  hands,  that  the  duSi 
may  not  be  deftroyed  by  too  corrofive  leys,  or  leys  impro- 
perly employed  ;  and  therefore  we  ought  not  to  omit  making 
known  other  procelTcs,  in  order  that  manufafturers  may 
choofe  thofe  which  they  may  think  moft  beneficial.  I  fhall 
therefore  here  defcribe  a  procefs,  both  (imple  and  economical, 
for  bleaching  cotton  yarn. 

At  the  diltance  of  about  one  foot  four  inches  from  the 
grate  of  a  common  furnace,  place  a  copper  kettle  of  a  round 
form,  one  foot  and  a  half  in  depth  and  four  feet  in  diameter, 
and  fix  it  in  that  pofuion.  The  brim  of  this  kettle,  about 
fix  inches  in  breadth,  bein^  bent  outwards,  v.ill  refl:  on  the 
laieral  edo;e=  of  the  mafon-work  of  the  furnace.  The  re- 
inainder  of  the  furnace  muft  be  conftruiled  of  cut  ftone,  in 
the  form  of  an  oval  boiler,  fix  feet  in  height,  and  in  breadth, 
mcafurcd  from  the  centre,  five  feet.  The  upper  part  of  the 
furnace  has  a  round  aperture,  in  diameter  about  a  foot  and  a 
half,  Thi^  aperture  may  be  clofed  by  means  of  a  moveable 
ftone,  or  a  copper  lid  made  for  the  purpofe.  On  the  edge  of 
the  copper  kettle,  which  forms  the  bottom  of  this  fpecies  of 
digederj  place  a  kind  of  grate  confifting  of  wooden  bars, 
brought  pretty  near  to  each  other  in  order  that  the  cotton 
laid  upon  them  may  not  fall  through,  and  fufficiently  ftrong 
to  fuftain  the  weight  of  about  1600  pounds.  When  this 
aopTr-.itus  has  been  conllvi'.Q:ed,  impregnate  the  cotton  dif- 
pofod  in  bundles,  with  a  flight  folution  of  foda,  rendered 
cauftic  by  lime :  this  operation  muft  be  performed  in  a 
wooden  or  ilone  trough,  in  which  the  cotton  may  be  trod 

*  Fror.i  the  Bu'.'ct'n  dc;  Scioicct.  Vol.'  11.  Kc  6. 
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upon  by  fecuring  the  feet  with  wooden  (hoes.  When  the  alka- 
line Iquor  has  well  penetrated  the  Cotton  in  an  equal  manner^ 
it  is  to  be  carried  to  the  boiler,  and  placed  on  the  wooden 
grate  already  mentioned.  The  fuperfluous  liquor  will  run 
down  between  the  bars,  and  form  a  liquid  Rratum,  which 
will  permit  the  mafs  to  be  heated  without  any  danger  of 
burning  the  cotton  or  the  bottom  of  the  boiler.  To  form 
the  alkahne  ley,  foda  of  Alicant  may  be  employed  equal  to  a 
tenth  part  of  the  weight  of  the  cotton  on  which  you  operate; 
and  in  a  boiler  fuch  as  I  have  defcribed.  about  800  pounds 
of  cotton  may  be  fubjectcd  to  the  procefs  at  one  time.  At 
tlie  moment  when  the  cotton  is  introduced  and  arranged  in 
the  boiler,  the  aperture  at  top  is  fhut,  by  its  ufual  covering, 
as  clofely  as  poffible,  in  order  that  the  vapours  mav  affume 
a  o-reater  decrree  of  heat,  and  re-act  with  more  force  on  the 
cotton.  The  fire  of  the  furnace  is  then  to  be  kindled  *,  and 
the  ley  muft  be  kept  in  a  (late  of  flight  ebullition  for  from 
twenty  to  thirty-fix  hours.  It  is  then  fuffered  to  cool,  and 
the  cotton  being  carefully  wafhed,  muft  be  expofed  on  the 
grafs  for  two  or  three  days,  extending  it  on  poles  in  the  dav- 
time,  and  fpreading  it  out  on  the  grafs  daring  the  night.  The 
cotton  will  then  have  acquired  a  fuperb  degree  of  whitenefs ; 
and  if,  by  chance,  any  parts  of  the  cotton  are  ftill  coloured, 
it  mufl  be  put  into  tlie  kettle  a  fecond  time,  or  be  expofed  a 
few  days  longer  on  the  grafs.  Thefe  fliades  in  the  bleached 
cotton  are  owing  in  particular  to  its  not  having  been  all 
equally  and  completely  impregnated  with  the  ley ;  they  mav 
arlfe  alfi  from  the  arrangement  of  the  cotton  in  the  boiler,  if 
it  has  been  heaped  up  too  much  in  certain  points.  When  it 
is  judged  that  the  ley  has  been  exhaulted  by  ebullition,  the 
cover  of  the  kettle  is  to  be  taken  off,  and  the  dry  cotton  mufl 
be  bcfprinkled  with  a  new  folution  of  foda;  without  this  pre-n 
caution  it  might  run  the  danger  of  being  burnt.  It  might  fl 
readily  be.  judged,  by  efiimating  the  fubftances  and  timev/^ 
employed  in  this  operation,  that  it  is  attended  with  econo- 
mical advantages;   but  wc  have  a  more  fimple  method  of  af-- 

'*  In  giving  the  above  dimenfions,  I  have  fuppolcd  the  fiu-I  ufed  to  be/ 
coal  :  if  wood  is  burnt,  the  diinenfions  muft  be  varied.    ,  In  rhe  latter  cale 
the  bottom  of  the  kttth,  would  be  too  hi  jh  above  the  bottom  of  rhe  furnace. 

certaining 
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f^erlalning  the  fa6l,  that  is,  the  low  price  at  which  cotton 
is  bleached  in  all  thofe  manufa6lories  where  this  procefs  is 
ufed.  In  the  fouth  of  France,  where  this  method  is  at 
prefent  pretty  generally  adopted,  eighty  pounds  of  cotton 
are  bleached  for  about  fevcn  (Inllings  fterling.  This  procefs 
was  brought  to  us  from  the  Lcvaiit  fomc  time  after  the  in- 
troduction of  the  procefs  for  dyeing  the  Adrianople  red.  It 
hos  been  praAifed  for  fome  time,  but  kept  a  fecret  till  the 
prefent  moment,  and  flill  known  by  the  nsLme  of  blancbiment 
ii  /ajum:e,  bleaching  by  fmoke. 

I  do  not  know  that  this  method  has  been  applied  to  the 
bleaching  of  fpun  flax  or  hemp.  It  would,  however,  be  worth 
while  to  try  the  experiment :  ftronger  leys  and  longer  ebul- 
lition, no  doubt,  muft  be  employed;  but  it  is  by  experience 
alone  that  we  can  acquire  information  on  the  fubjeft. 

VIIL  On  the  Method  of  preparing  Inks  that  lu'ill  w'lthfland 
the  Adion  of  the  Oxygenated  Muriatic  Acid.  By  A.  B  O  s  s  E, 
of  Hamburgh  *. 

INTRODUCTION. 

X^  OR  illuftrating  the  hiftory  of  this  fubjeft,  which  has 
been  fully  treated  of  in  the  New  Hanoverian  INIagazine, 
the  following  information  may  be  necefiary  : — Dr.  Lentin, 
in  his  paper  containing  cautions  in  regard  to  the  niif^ipplica- 
tion  of  the  oxygenated  muriatic  acid  f,  obferved,  that  with 
the  help  of  this  acid  our  common  ink  could  be  obliterated 
without  the  lead  injury  to  the  paper  which  had  been  written 
with  it,  if  the  paper  werefirfi;  drawn  through  diluted  oxygen- 
ated muriatic  acid  5  then  through  diluted  fulphurous  acid ; 
and  laftly,  through  water.  At  the  fame  time  he  added  fome 
information  which  feemed  to  prove  that  this  property  had, 
been  employed  in  France  fcveral  times  to  anfwcr  private  pur- 
pofes,  and  to  the  prejudice  of  others.     Soon  after  appeared  a 

*    From   Scherers  Algcmcrfies   Journal  der  Chemie,  Vol.  II.  No,  10. 
Ijlhe  Introduftion  is  by  Dr.  Sclicrcr. 
f  Hannov.Mag,  1797,  part  71- 
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paper  by  Philip  Chriftian  Pitcl  of  Minden  *,  in  whluh  he 
recommended  an  ink,  discovered  by  him,  which  was  inde* 
ftru£lible,  and  could  be  obliterated  neither  by  the  oxygen- 
ated muriatic  acid,  nor  by  any  other  corrofive  fubllance. 
This  induced  M.  Wehrs  to  examine  this  ink,  and  the  fame 
thing  was  undertaken  by  JVI.  Grunerf-  According  to  their 
experiments,  this  ink,  however,  was  obliterated  in  the  courfe 
of  nine  hours  bv  the  oxygenated  muriatic  acid,  and  alfo  by 
cauftic  pot-afh;  but  at  the  fame  time  an  opinion  entirely 
oppofite  was  announced  by  Dr.  Lentin  J,  M.  Thorey  §■,  and 
M.  Wiegleb  |{,  who  all,  in  confequence  of  their  having  cm- 
ployed  the  fame  tefi;,  declared  the  ink  to  be  indcftru£tible. 
Thefe  dilferent  opinions  are  therefore  direftly  contrary  to 
each  other.  M.  Gruner  found  that  the  ink  could  be  de- 
ftroyed  by  the  oxgenated  muriatic  acid,  and  by  cauftic  al- 
kali :  M.  Thorey  obferved,  that  its  blacknefs  was  only  lef- 
fencd  by  the  oxvgenated  muriatic  acid,  and  by  the  ^■apour 
of  that  acid.  He  found,  however,  as  M.  Gruner  did,  that  the 
cauftic  alkali  dilfolvcd  the  ink  entirely  from  the  paper,  but 
that,  like  feveral  acids,  itdeftroyed  the  paper.  M.  Lentin  and 
Wiegleb  deduced  from  their  experiments,  thofe  of  the  for- 
mer beinir  made  with  oxvcrenatcd  muriatic  acid,  and  thofe 
of  the  latter  with  the  fame,  as  well  as  feveral  other  acids,  and 
even  caiiltic  alkali,  that  this,  ink  was  entirely  indeftruclible. 
•Thefe  contradictory  rcfults  M.  Weftrumb  endeavoured  to  re- 
folve  in  his  examination  of  Pitel's  indeftru6lible  ink,  which 
he  found  to  be  only  common  Ink  mixed  with  indigo;  and  he 
propofed  the  following  mixture  for  an  ink  which  could  not 
be  deftroyed  : — Boil  i  oz.  of  Brafil  wood,  and  3  ozs.  of  pul- 
verifed  galls,  with  46  oz.  of  water;  ftrain  the  liquor,  which 
muft  be  boiled  down  to  32  ozs,,  and  pour  it,  ftill  warm,  over 
\\  oz.  of  perfc6lly  pure  fulphate  of  iron,  i^  oz.  of  gum  ara- 
ble, and  -^-  oz.  refined  fugar.  When  thefe  ingredients  are 
dilTalvcd, ,add  from  i  to  \-^  oz.  good  indigo  ground  exceed-^, 
ingly  fine,  and  |  oz.  of  purified  lamp  black. 

'"•  Hannov.  Mag.  1797,  purt  77.  \  Ibid.  J  Ihid.  p.  iizj. 

5  ibid.  1797,  part  97.  jj  Reich's  Anzeiger  1-97,  N0.297. 
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M.  Bosse's  Paper. 

It  is  well  known  that  AI.  Pitel,  of  Minden,  gave  the  firfl 
account  of  a  kind  of  ink  which  withftood  the  oxygenated 
muriatic  acid,  at  the  defircofDr.  Lentin,  who  excited  the 
attention  of  the  public  to  various  deceptions  praftifed  at  Paris 
with  common  ink  by  meansof  the  oxygenated  muriatic  acid. 
As  this  ink  confided  merely  of  a  deco6lion  of  logwood  and 
galls  with  water,  in  which  fulphate  of  iron,  gum  arabic,  and 
iugar  had  been  dilfolved,  and  with  which  indigo  and  lamp 
black  had  been  mixed  mechanicallv,  accordincr  to  the  ana- 
lyfis  of  M.  Weflrumb,  it  may  be  eafily  explained  whv  it  exhi- 
bited fuch  different  appearances  when  brought  to  the  tell. 
M.  Gruner,  apothecary  in  Hanover,  as  appears  by  his  letter 
to  the  editor  of  the  Hanoverian  Magazine,  was  able  to  obli- 
terate it  entirely  by  the  muriatic  acid;  while,  on  tlie  other 
hand,  its  indcftru6libility  by  that  acid  is  confirmed  by 
M.  Wiegleh  and  Thorey.  Both  are  in  the  right-:  as  foon 
as  the  ink  is  well  ftirred  round,  it  withllands  this  acid;  but, 
if  not  ftirred,  this  acid  diflblves  the  black  oxyd  of  iron,  and 
the  paper  in  the  places  wrote  upon  is  reftored  to  its  prif- 
tine  fi:ate.  Now,  though  this  ink,  when  ftirred  round,  does 
not  entirely  fail  of  its  obje6t,^this  circumftance,  however, 
m.^.y  be  often  forgotten  ;  and  this^the  more  readily,  as  even 
without  ftirring  it  has  all  the  blacknefs  when  ufed  of  com- 
mon ink,  on  account  of  the  oxyd  of  iron  which  it  contains. 
Since  that  time  I  have  made  experiments  in  order  to  produce 
an  ink  which  might  withiland  the  oxy-muriatic  acid,  and  yet 
contain  no  iron.  I  have  been  able  to  accomplifh  this,  as  well 
as  the  compofition  of  fonie  other  iaks  which  contain  iron, 
though  it  does  not  make  their  chief  component  parts,  but 
fevves  only  to  give  the  ink  a  black  colour.  I  made  experi- 
ments alfo  with  the  juice  of  green  plants,  according  to  the 
procefs  by  which  M.  Murray  made  an  indeftru»$tible  kind  of 
ink  from  the  fame  fubftanccs.  Iron  muft  not  be  the  chief 
component  part  of  an  ink  deltlned  to  withftand  the  muriatic 
acid,  becaufe  in  the  flate  of  a  black  oxj'd  it  is  eafily  diflblved 
by  the  acid.  But  as  it  athls  on  vegetable  coloyrs  only  when 
they  are  capable  of  taking  v^p  oxj'gen,  and  does  not  deftroy 
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them,  but  produces  by  its  action  a  modification  of  the  co- 
lour, they  are  exceedingly  proper  for  this  purpofe.  As  nonq 
of  thcfo,  however,  were  found  entirely  black,  I  was  obliged 
to  employ  fome  mineral  body  which  might  be  black  and 
yet  hold  a  great  deal  of  oxvgen.  The  moft  part  of  the  me- 
tallic oxyds  of  a  black  colour  contain  very  little  oxygen,  ex- 
cept that  of  manganefe,  which  contains  a  greai  deal.  I  made 
choice  therefore  of  this  oxyd,  and  found,  after  repeated  ex- 
periments, that  it  anfvvered  the  intended  purpofe.  j^ 

The  oxy-muriatic  acid  diflolves  all  metals  in  a  metallic         > 
form  as  well  as  metallic  calces  combined  with  a  fmall  quan- 
tity of  oxygen,  but  not  thofe  which  contain  a  great  deal,  as         ' 
it  has  itfelf  an  excefs  of  it.     It  is  therefore  capable, 

T.  Of  diflblving  metals  in  a  metallic  Hate,  as  the  metals         i 
take  up  its  fuperfluous  oxygen,  by  which,  as  is  well  known, 
they  become  foluble  in  acids. 

2.  Such  metallic  oxyds  as  contain  little  oxygen  are  capable 
of  abltrafting  it  from  acids,  and  thev  then  dillolve  in  the 
acids,  which  then  contain  lefs  oxygen. 

The  grounds  which  induced  me  to  employ  oxvd  of  man- 
ganefe for  preparing  an  ink  capable  of  withftanding  the  oxy- 
jnuriatic  acid,  were  as  follows : — 

J.  Its  black  colour;  2.  its  containing  a  great  quantity  of 
oxygen,  by  which  it  is  infoluble  in  the  muriatic  acid;  3.be- 
caufe  it  poflefl'es  fo  great  an  affinity  for  oxygen,  that  whenever 
it  has  loft  any  of  its  original  quantity  by  being  brought  to 
a  red  heat,  or  expofed  to  the  a£tion  of  acids,  it  immediately 
draws  it  from  the  atmofphere,  and  again  becomes  black.  I 
fliall  now  dcfcribe  the  method  of  preparing  this  ink: — Boil 
I  oz.  of  Brazil  wood  with  i2ozs.  of  water  for  a  quarter  of  an 
hour ;  add  '-  02.  of  alum  :  evaporate  the  whole  to  8  ozs.,  and 
mix  with  the  liquor  i  oz.  of  exceedingly  foft,  finely  pulverifed 
manganefe,  mixed  up  with  '-  oz.  of  pulverifed  gum  arable. 

Brazil  wood  alone,  by  mere  boiling,  gives  an  ink  not  al- 
together unfit  for  ufe.  Acids,  lefs  abundant  in  oxygen,  fuch 
as  the  nitrous  and  muriatic  acid,  naturally  exercife  an  a6lion 
on  this  ink  ;  but  as  thcfe  change  the  paper  in  a  perceptible 
rnanner,  deception  is  not  to  be  apprehended. 

Indigo  alfo  aftbrds  an  ink  that  withftands  the  muriatic 

acid : 
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acid  :  it  therefore  makes  a  chief  component  part  of  that  pre- 
pared by  Pitcl,  but  it  is  mixed  in  it  only  mechanically.  The 
followiiig  is  a  prefcriptiou  for  preparing  an  ink  of  the  like 
kind,  but  in  which  the  indigo  is  actually  diflblvt'd. 

Boil  J  oz.  of  Brazil  wood,  and  3  ozs.  of  coarfely  pulverifed 
galls,  with  9  ozs.  of  vinegar  and  as  much  water,  for  the  fpace 
of  eight  minutes  :  in  the  liquor,  after  being  drained,  diifolvc 
1  '7  oz.  of  fulphat  of  iron  and  i  oz.  of  gum  arable,  and  then 
add  to  the  whole  a  folution  of  i  oz.  of  indigo  in  i  oz.  of 
concentrated  fulphurlc  acid. 

The  oxy-muriatic  acid  diffolves  the  oxyd  of  iron  in  this 
ink,  but  the  indigo  remains  undecompofed.  The  principal 
point  to  be  attended  to  is,  that  the  ink  may  contain  fuch 
matters  as  are  not  afieftcd  by  the  oxy-muriatic  acid  :  with 
other  fubftances  lefs  deception  is  to  be  dreaded. 

In  the  laft  place,  I  (hall  mention  an  ink  made  with  the 
principal  ingredients  of  common  ink,  but  in  preparing 
which,  inftead  of  the  ufual  liquids,  I  employed  the  exprefl'ed 
juice  of  fome  plant:  the  fittelt  for  this  purpofe  I  found  to 
be  the  leaves  of  the  caper  fpurge,  Eiihhorhia  lalhjris  Linn.; 
the  common  holly,  Sambucus  nigery  and  common  grafs. 


IX.  Shrlch  of  the  HiJIory  of  Mining  in  Dt^jon  and  Cornwall. 
By  3/r,  John  Taylor  j««.  Miner,  Ta-vijlock.  Commu- 
viunicated  by  the  Author. 
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T  mud  be  regretted  that  a  fubje6t  of  fo  great  national  im- 
portance, undertakings  which  engage  fo  large  a  capital,  and 
give  employment  to  fo  many  hands,  as  working  the  various 
mines  in  thefe  kingdoms,  (hoald  gain  but  little  attention 
from  any  but  thole  immediately  concerned  in  them,  and  near 
the  places  in  which  they  are  fituated ;  it  is  the  more  to  be 
widied  that  men  of  fcience  (liould  devote  fome  thought  to 
thele  concerns,  as  thofe,  under  whofe  management  molt  of 
thefe  works  are  carried  on,  are  often  not  men  of  fufficient 
ability  or  fcience  to  (Irike  out  capital  improvements.  To  be 
fi  good  miner  requires  an  aAive  mind,  with  induftry  and 
jltrid  obfervatiori  j   thefe  fliould  ^be  accompanied  by  fome 

general 
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general  knowledge,  at  leait,  of  practical  mineralogy,  one- 
miflry,  mechanic?,  hydraulics,  8cc.,  and  fuch  a  knowledge 
ot  principles  as  might  Ifad  to  improvements  in  the  pracilical 
part  of  his  bufincfs.  It  would  be  unreafonable  to  expect  to 
find  thefe  qualifications  general  at  prefent,  but  the  exilling 
ignorarvce  might  furely  be  foon  removed,  if,  the  attention  of 
men  of  feience  being  turned  to  the  fubje6l,  they  wcnid  t?ike 
pains  to  point  out  to  the  pra6tical  miner  the  improvement? 
of  which  his  operations  are  fufceptiblc. 

If  it  be  true,  as  was  afferted  in  the  number  of  the  Philo- 
fophical  Magazine  for  February  laft,  "  that  the  poorell  mine 
in  Cornwall  is  worked  at  a  greater  expence  than  the  richefl 
one  on  the  Continent,"  mvich  is  to  be  done ;  although  to 
wpTk  a  mine  rich  or  poor  to  the  fame  extent  mult  require 
the  fame  expence.  From  my  own  experience  I  cannot  af- 
fent  to  what  is  aflerted,  in  the  fame  paragraph,  of  the  cap- 
tains or  directors  of  the  Cornilh  mines ;  I  can  bear  teftimony 
to  there  being  among  them  men  of  ability,  obfervation,  and 
liberahty;  of  all  the  prefent  pra^lieal  knowledge  of  the  fub- 
je6t  many  of  them  are  perfect  mafters,  and  have  not  often, 
I  think,  that  dcfire  of  excluding  interference  which  is  im- 
puted to  them. 

Mining  is  a  fubjeft  requiring  ftudy,  and  deferving  the  at- 
tention of  the  philof(ipher,  as  it  tends  to  unveil  fome  of  the 
moft  hidden  procefles  of  Nature,  and  to  anfwer  important 
ends  to  Society.  On  the  Continent  many  of  the  moft  emi- 
nent men  have  not  thought  it  beneath  them  to  undertake 
the  management  of  mines ;  and  to  this  it  is  fair  to  impute 
the  capital  manner  in  which  fome  foreign  mines  are  reponed 
to  be  conduced. 

It  muft  aflord  pleafure  to  know  that  of  late  years  many 
jmprorements  in  mining,  as  well  as  in  moft  other  arts  con- 
nected vv'ith  or  depending  on  the  fcicnces,  have  taken  place; 
and  both  the  difcovery  of  the  ores,  and  their  treatment  after 
being  brought  to  the  furfacc,  is,  in  moft  rcfpecls,  carried  on 
with  greater  cerSainty  and  fkill,  and  confcquently  more  proiit. 

It  may  afford  fo-me  amufcmera  to  attend  a  little  to  the  hif- 
tory  of  this  fource  of  the  moft  ancient  traffic  of  our  ifland, 
and  ^he  caufc,  probably,  of  miich  of  our  civilization,  it  having' 
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uivicd,  long  ago,  the  viiits  of  other  more  cnhghtaied 
j.j.iions. 

The  tin  of  Britain  was  known  in  cUflant  parts  of  the  world 

it  a  very  remote  period.     It  is  generally  believed  that  the 

'hoeiiicians  were  the  nation  principally  engaged  in  trading 

iih  Britain  for  this  article.  Tin  works  were  certainly  car- 
ried on  before  iron  was  in  life  in  England.  Many  tools  of 
«Kik  are  now  found  which  tradition  among  the  tinners  make 
to  have  belonged  to  the  Saxons  or  Danes;  but  it  is  probable, 
M3r  the  reafon  before  ftatcd,  that  they  were  employed  before 
ihc  time  of  their  having  a  footing  in  this  country. 

The  grcatcft  quantity  of  tin  was  formerly,  it  is  aflerted, 
fvjnd  on  the  forell  of  Dartmoor,  in  the  county  of  Devon  ■; 
and  works  to  a  vaft  extent  mull  have  been  carried  on  there, 
^f  it  be  true,  as  we  are  told,  that  thirty  thoufand  men  found 
employment  upon  this  tiaiSt;  for  all  the  miners  aow  in  Cora- 
wall  do  not  amount  to  more  than  ten  thoufand.  It  is,  how- 
ever, to  be  confidered,  that  in  the  ancient  mode  of  working, 
w  ithout  the  aid  of  machinery,  many  more  hands  mult  have 
been  necellarv  than  at  prefent — I  fliould  think  more  than  ia 
ttie  proportion  of  three  to  one.  All  thefe  works  on  Dart  - 
moor  were  only  on  or  near  the  furface  :  now,  however,  the 
lodes*  or  veins  of  tin  found  on  this  diftridt  are  not  valuable 
enough,  or  do  not  continue  to  fuch  a  depth  as  to  make  them 
V'.ry  profitable  to  work. 

Almoft  all  the  tin  procured  in  former  ages  was  probably 
trom  ftream-works,  in  bottoms  or  low  grounds,  where  frag- 
ments of  the  ore,  waflied  from  the  lodes  in  the  neighbouring 
hills,  fubilde,  and  are  feparated  from  the  earth  in  a  granu- 
lated form  by  walhing.  This,  of  courfe,  is  obtained  without 
any  fubterraneah  work.  In  fuch  fitiutions  as  thefe  probably 
metals  were  firft  difcovered,  mixed  merely  with  the  upper 
foil,  or  lodging  in  clefts  of  rocks.  Thus  is  gold  found  ia 
America,  in  Africa,  in  tlie  county  of  Wicklow  in  Ireland, 
and  'io  has  it  been  occafionally  difcovered  in  Cornwall ;  and 
vuins  or  lodes  of  this  metal  might  doubtlefe  be  found  near 
the  places  where  fuch  depofitions  are  met  with. 

The  tracing  and  following  lodes  of  ores  into  the  earth  is  a 

*  The  name  given  in  Cornwail  to  veins  in  which  ore  is  fovind. 
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more  difficult  taflc  than  coming  at  the  metal  in  the  way  of 
ftream-works ;  it  requires  more  energy  of  mind,  and  a  more 
advanced  ftate  of  the  artS;  The  difficulty  that  muft  attend 
keeping  a  mine,  funk  to  fome  depth,  free  from  water  by 
manual  labour  only,  could  not  but  prevent  men,  before  the 
application  of  machinery,  from  diving  deep  into  the  bowels 
of  the  earth.  We  have,  however,  fome  inllanccs  where  old 
^vorkings  are  found  at  fo  great  a  depth  as  to  be  even  now 
with  difficulty  kept  dry  by  means  of  machinery ;  but  thefe, 
though  they  may  be  counted  ancient,  were  probably  opened 
long  fubfequent  to  the  origin  of  mining  in  this  county. 

There  are  many  mines  which  could  not  poffibly  be  worked 
•without  the  aid  of  gunpowder,  and,  until  the  difcovery  of 
this  powerful  ascent,  underground  operations  muft  have  been 
uncertain  and  difficult.  The  hammer  and  wedges  of  metal 
were  probably  the  firft  inftrumcnts  for  fplitting  rocks  (and 
they  ftill  continue,  in  the  ground  that  will  yield  to  them,  to 
be  much  ufed  in  Cornwall),  and  the  pick,  or  inftrument  fof 
cleaving  the  ground,  having  a  head  for  driving  the  wedges 
called  by  the  miners  gads,  from  a  Cornifli  word  gedn,  a 
wedge.  The  form  of  thefe  inftruments  found  in  old  works, 
I  think,  offers  an  evidence  of  their  antiquity.  A  pick,  which 
was  found  in  Wheal  *"  Unity  tin  mine,  in  Devon,  in  a  part 
not  worked  certainly  for  more  than  eighty  years,  and  which 
could  not  probably  be  reckoned  to  be  Icfs  than  lOO  years 
old,  does  not  differ  materially  from  the  form  of  that  now 
ufed;  while  one  difcovercd  in  old  workings  in  Drake  Walls 
mine,  in  the  parifli  of  Calftock  in  Cornwall,  about  ten  mile? 
diltant  from  the  other  iiiine,  is  of  fo  different  a  fhape  as  to 
make  one  conclude,  judging  by  the  (low  progreffion  of 
changes  effe6led  on  common  inftruments,  that  it  is  of  much 
higher  antiquity.  Wedges  of  dry  wood  were  alfo  very  inge- 
niouflvmade  ufe  of,  by  driving  them  into  the  clefts,  and  then 
wetting  them,  fo  as  to  caufe  them  to  fwell  and  force  the 
ground  afunder.  Fire  was  an  agent  long  ago  employed  for 
fplitting  the  rocks;  but  the  effettsof  gunpowder  fo  far  exceed 
any  thing  before  made  ufe  of  for  fuch  puqiofes,  that  its  dif- 

*  In  thib  part  of  the  country  the  word  ivhs-aly  fignifying  in  the  CorriifK 
langiiajje  a  luorky  ib  ^cucrally  prctlxcd  to  tae  [Topcr  r.aiDcs  of  mines- 
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covery  and  application  to  works  of  this  kind  form  a  grand 
epoch  in  the  hiftory  of  mining.  This,  it  appears,  took  place 
in  Hungary  or  Germany  about  the  year  1620,  and  was  firft 
introduced  into  England  at  the  copper  mine  at  Eclon,  m 
StafForddiire,  about  the  year  1670,  by  German  miners, 
brought  over  bv  Prince  Rupert;  but  it  was  not  in  nfe  in 
Somerfetdure  till  1684,  after  which,  probably,  the  Cornifh 
miners  became  acquainted  with  this  powerful  afliflant  to 
their  operations. 

Tin  w^as  the  firfl  obje6t  of  the  C(jrnifli  miner's  fearch,  and 
I  fiiall  therefore  firft  take  notice  of  the  hiftory  of  the  tin-works. 
It  was  probably  firft  found,  as  I  have  obferved,  near  the  fur- 
face,  and  not  in  regular  veins;  ahnoft  all  the  low  grounds  in 
Cornwall,  and  I  believe  every  bottom  on  Dartmoor  foreft 
in  Devon,  bear  the  marks  of  having  been  Jlreamcd.  The 
Romans,  probably,  interefted  themfelves  in  the  working  of 
the  mines ;  indeed,  one  principal  inducement  to  that  people's 
turning  their  attention  to  this  idand,  fccms  to  have  been  the 
metals  that  were  reported  to  them  to  be  found  here.  The 
Saxons  neglefted  thefe  hidden  treafures,  but  the  Normans 
worked  them  to  great  advantage.  From  that  time  to  the  end 
of  the  reign  of  John  the  mines  were  not  profitable,  and 
moftly  in  the  hands  of  the  Jews.  They  revived  in  the 
time  of  his  fon  Richard;  but  in  the  reign  of  Edward  I.  the 
Jews  were  baniflied  the  kingdom,  and  the  mines  neglected, 
Ednumd,  the  ekleft  fon  of  the  king,  and  earl  of  Cornwall, 
however,  made  fome  important  alterations  in  the  regulations 
of  the  tin-works  by  a  charter,  which  was  confirmed  by  Ed- 
ward I.  in  the  latter  part  of  his  reign.  Indeed  it  is  from  this 
time  that  the  peculiar  laws  and  privileges  relating  to  the 
Stannaries  are  chiefly  to  be  dated.  Mining  infringed  in  fbme 
iaflances  on  property,  and  canfed  difputes,  befides  reqniring 
ihdule:cnces  not  creneral ;  and  thus  cafes  arofe  not  cogniiable 
bv  the  common  law.  In  this  way  a  peculiar  code,  fpringing 
from  cuftom,  took  its  rife ;  and  though  this  in  ionie  mca- 
fure  exifted  before,  yet  it  was  not  till  this  period  that  it  was 
confirmed  bv  royal  charter,  and  enforced  by  fubfequent  a6ls 
of  parliament.  It  was  by  this  charter  that  the  bounding 
land  to  the  purpofe  of  tinners  working  on  it,  the  duties  to 
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the  earl  of  Cornwall,  and  the  coinages  of  tui,  or  {lamping 
with  the  earl's  feal,  were  firfl  eflabliihed.  Before  the  reign 
of  Edward  I.  tinners  worked  in  the  earl's  land  only,  paying 
him  a  fifteenth  part  of  what  they  got,  and  they  were  not  at 
all  permitted  to  dig  in  fan6luary  ground,  churches,  mills, 
houfes,  gardens,  and  fo  on ;  and  if  in  working  under  they 
chanced  to  fubvert  any  houfe,  or  to  damage  a  high-way, 
they  were  obliged  to  make  it  good.  When  it  became  an 
obje6i  to  fearch  throughout  any  place  or  perfon's  lands,  a 
court  alfo  to  determine  cafes  relating  to  the  tin-works  be- 
came necelTary ;  and  this,  adjudging  under  the  authority  of, 
and  according  to  the  code  of  laws  before  mentioned,  was 
iirft  eflabliflied  by  Edward  I.  and  is  called  the  Stannary 
Court. 

In  Cornwall  and  Devon  two  different  fyftems  of  Stannary 
laws  now  exifl :  thofe  in  Cornwall  have  been  from  time  to 
time  amended  and  corrected  ;  but  in  Devon,  where  mining 
has  for  a  long  while  flumbered,  the  laws  continue  in  their 
original  crude  flate.  As  the  fpirit,  however,  of  fearching 
into  the  bowels  of  the  earth  feems  again  to  be  reviving  in 
this  county,  the  laws,  fliould  they  be  called  into  aftion,  will 
probably  undergo  fome  revifion. 

The  duke  of  Cornwall  had  royal  jurifdiftion,  and  when 
the  duchy  came  into  the  hands  of  the  crown,  which  hap- 
pened in  the  reign  of  Edward  III.  he  made  his  eldeft  fon, 
the  Black  Prince,  the  duke,  and  appointed  it,  with  the  re- 
venue arifing  from  it,  to  the  fons  and  heirs  apparent  of  the 
crown,  though  no  fon  of  the  king  can  be  duke  of  Cornwall 
but  the  firfl-bom,  even  though  heir  apparent. 

The  Stannary  laws  were  explained  and  confirmed,  with 
fome  alterations  at  different  times,  till  Arthur,  eldeft  fon  of 
Henry  VI FI.  made  certain  conftitutions  relating  to  the  Stan- 
naries, which  the  tinners  refufed  to  obferve :  the  king,  after 
prince  Arthur's  death,  feized  the  charter  as  forfeited,  but 
granted  a  new  one  witl^  frefli  privileges,  appointing  all  new 
laws  relating  to  the  tinners  to  be  made  by  a  parliament  of 
their  own  body;  and  upon  this  footing  the  Stannaries  re- 
main. 

Great  powers  have  been  at  times  affumed  by  this  jurifdic- 
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lion,  it  has  even  taken  upon  it  the  trial  for  felony  in  the  cafe' 
of  a  tinner;  in  general,  however,  the  cafes  where  its  autho- 
rity interferes,  are  in  difputes  concerning  tin-works  or  be- 
tween tinners  :  it  provides  a  fupply  of  water  to  a  tin-work, 
giving  a  power  to  condu6l  it  through  any  lands  for  that  pur- 
pofe. 

One  of  the  improvements,  with  regard  to  tin  particularly, 
was  the  invention  of  fmelting  in  reverberatory  furnaces  with 
pitcoal,  inftead  of  the  old  hlowtng-houfes,  as  they  were  called, 
with  charcoal  fires.  When  this  change  was  firfl  introduced 
is  not  perhaps  certainly  known  :  Dr.  Watfon,  in  his  Che- 
mical Effavs,  ftates,  that  Becher  rcfided  in  Cornwall  fome 
years  before  he  died,  which  was  in  the  year  1682  j  and  that 
he  made  many  improvements  in  the  working  of  mines  and 
fluxinnr  of  metals,  and  introduced  there  the  method  of 
fmelting  tin  by  the  flame  of  pitcoal  thrown  upon  the  ore  in  a 
reverberator)'  furnace,  inftead  of  the  fire  of  wood  or  charcoal, 
in  the  way  formerly  made  ufe  of.  He  takes  notice  of  this  in 
the  Dedication  to  Mr.  Boyle  of  his  Alphahcthum  Minerah-f 
written  at  Truro  in  1683,  not  long  before  he  died.  Pryce, 
in  his  Mlneralogla  Cornubienjis,  ftates,  that  this  mode  was 
firft  prompted  by  neceflity,  and  many  experiments  were 
made  upon  it  by  Sir  Bevil  Granville,  of  Stow,  in  the  time 
of  Charles  I.  though  it  was  not  effeftually  done  till  the  reign 
of  Queen  Anne. 

I  find,  in  the  revifion  of  the  Stannary  laws  at  the  convo- 
cation of  the  parliament  of  Stannators  afl!cmbled  in  the  26th 
year  of  the  reign  of  George  II.  mention  is  made  of  the 
"  ancient  laws  and  eonftitutions  of  the  Stannaries  relating 
to  tin-blowers,  and  refining  of  tin  in  blozinng-houfcs,  which 
was  formerly  the  only  method  of  refining  of  tin  ;"  and  it  is 
faid,  "  of  late  years  there  has  been  another  method  found 
out  of  refining  of  tin  by  means  of  reverberatory  furnaces, 
which  is  commonly  called  fmelting  of  tin." 

Copper,  of  which  fo  much  is  now  fent  from  this  part  of 
the  country,  was  not  an  obje6l  attended  to,  till  a  compara- 
tively late  date,  by  the  Cornifli  miners :  even  in  tin  mines, 
which  as  they  deepened  produced  copper,  as  is  often  the 
cafe,  and  where  they  needed  to  raife  this  ore,  it  was  thrown 
by  as  of  no  value,  going  by  the  name  of  pocLr.     Thofe  who 
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live  in  the  prefent  more  enlightened  period,  are  now  reaping 
profits  left  to  them  by  the  ignorance  of  their  forefathers. 
This  proves  of  what  confequence  it  is  to  determine,  if  poffi- 
ble,  the  value  of  all  the  fubliances  pafling  under  the  miner's 
obfervation. 

Copper,  however,  was  probably  worked  at  a  remote  period  in 
Wales,  at  the  Parys  mountain,  which  indeed  is  fuppofed  to  de- 
rive its  name  from  the  Celtic  word  praas,  brafs  or  precious  me- 
tal ;  and  this  would  offer  a  proof  of  its  having  been  worked 
by  the  ancient  Britons.  It  was  not  attended  to,  or  at  lead 
iiot  well  underltood,  in  England,  till  the  reign  of  Quetn  Eli- 
zabeth, who  paid  great  attention  to  the  mines  of  the  king- 
dom, and,  by  granting  great  privileges  to  Daniel  Houghs 
fetter,  Chriftopher  Schutz,  and  other  Germans  whom  ihc 
invited  into  England,  commenced  and  eftabliflied  the  highly 
valuable  and  important  bufmefs  of  finding  and  purifxlng  this 
nfeful  metal.  To  thefe  foreigners,  too,  is  owing  the  llonrifli- 
ing  ftate  of  our  brafs  manufactories.  In  this  reign  Parys 
mine  was  granted  to  patentees,  but  was  not  worked,  at  kail 
to  any  advantage,  for  a  centurv  and  a  half. 

The  copper  mines  of  Cornwall  now  are  works  of  great 
magnitude,  and  fome  have  been  funk  to  an  amazing  depth, 
and  are  kept  working  at  a  va(t  expence.  The  quantity  oi 
materials  conftantly  ufed  forms  an  extenfive  connnerce  to 
this  part  of  the  kingdom  ;  and  this,  as  well  as  the  mines 
themfelvcs,  o-ives  employment  to  numbers. 

The  other  metals  are  not  found  in  Cornwall  in  great 
abundance.  Lead,  with  filver  contained  in  the  ore,  is  found 
m  fome  places;  and  in  Devonfhire,  on  the  borders  of  this 
county,  a  very  large  mine  at  Here  aHorded  galena  very  rich 
in  (liver.  It  was  formerly  worked  as  a  royal  mine,  but  after- 
wards lay  idle  a  long  time.  It  has  fmce  Ween  feebly  tried; 
but  though  a  fteam-enginc  was  on  it,  they  could  not  go  fa 
deep  as  it  had  been  before  fm^.k  without  more  power  to  draw 
the  water,  and  not  finding  much  valu.d)lc  return,  the  mine 
has  been  lately  flopped  again.  Veins  of  lead  ore  fonietime* 
run  with  copper  lodes. 

Iron  is-  found  in  fome  places,  hut  not  in  large  quanti- 
ties; and  co^Is  bein^  difUnt,  it  will  not  repay  the  colt  of  pro- 
curing. 
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The  ores  of  many  of  the  femi-metals,  as  zinc,  cobalt, 
arfenic,  nianganefe,  &c.  are  fcatterecl  in  diiTcrcnt  places,  and 
of  late  Jiave  received  attention. 

Mining  has  been  mueh  improved  within  this  century. 
Till  about  a  hundred  years  ago,  the  water  was  drawn  from 
the  mine  by  dint  of  human  labour;  but  within  thefe  feventy 
years  the  application  of  hydraulic  engines  has  become  gene- 
ral. The  introduction  of  the  fteam-engine  formed  a  grand 
«ra  in  the  annals  of  mining ;  as  in  many  fituations  no  other 
power,  that  could  be  commanded,  could  poffibly  work  the 
pumps  necefl'ary  to  raife  the  water  from  the  bottoms ;  the 
confcquence  has  been,  that  many  mines  have  been  worked 
that  were  formerly  abandoned  as  impoffible  to  be  profecuted. 
Other  improvements  of  late  years  have  been  creeping  in; 
the  drcfling  of  ores,  or  properly  feparating  them  from  the 
earths,  &c.  in  which  they  He,  is  much  better  managed  than 
formerly. 

Great  fpirit  is  to  be  fecn  in  the  works  in  Cornwall;  pro- 
digious funis  are  laid  out  in  prc6ling  powerful  machmcry, 
fomctimes  even  before  any  quantity  of  ore  is  fcen.  This 
often  well  repays  thofe  who  expend  it,  efpccially  if  done 
vmdcr  the  direction  of  experienced  and  Ikilful  managers,  who 
are  good  judges  of  the  appearances  and  fymptoms  on  which 
is  founded  the  expeclation  of  finding  a  valuable  return. 

The  very  fpiritcd  and  laudable  exertions  that  are  making, 
at  a  great  riik,  to  bring  to  the  public  ufe  fo  valuable  an 
article  as  the  copper  mines  produce,  have  lately  been  damped 
by  Ihutting  up  the  channel  of  trade  with  regard  to  this  com- 
modity. The  purpofe  for  which  this  is  done,  namely,  a  re- 
du6lion  ill  the  price,  cannot  in  the  end  be  anfwered ;  for 
even  Ihoukl  that  for  a  time  take  place,  the  deep,  and  confe- 
quently  expenlive  mines,  and  thofe  wh.ich  produce  ores  of 
inferior  quality,  will  prol^ablybe  flopped;  and  thus,  a  fmaller 
quantity  coming  to  market,  the  price  mufi:  again  advance, 
perhaps  higher  thim  it  now  is.  In  the  mean  time,  fliould 
it  operate  to  reduce  the  price,  a  valuable  fource  of  traffic  will 
be  loft  to  the  nation ;  the  revenue  will  fufl'er ;  individuals  be 
diftrelled ;  and  numbers  of  people  not  ufed  to  any  other  way 
pf  life  become  deftitutc  of  the  means  of  exif'tence» 
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X.  Gn  the  relative  Prop^yrtlons  of  Coals  and  Iron-Stones  ufeJ 
at  the  Blaji- Furnace,  and  of  their  proper  Application  to 
life.  By  Mr.  David  Mushet,  of  the  Clyde  Iron- 
JForks.     Comfnu?iicated  hy  the  Author. 


N  the  fmelting  operation  a  juft  proportion  and  afTociation 
of  materials  and  mechanical  confirufticn  ought  to  be  blended 
in  order  to  prod;;ce  the  beft  po'lible  efFefts.  Under  the 
former  arc  comprehended  the  cokes,  iron-  f* one,  limedone, 
and  blaft ;  by  the  latter  is  underftood  the  furnace,  the  power 
of  the  blowing-machine,  or  the  comprefiion  and  velocity 
under  which  the  air  is  difcharged  into  the  furnace,  and  the 
genius  or  mechanical  fkill  of  the  workmen.  According  to 
this  divifion  I  fhall  endeavour  to  point  out  the  very  ^'ariou5 
effe6ts  which  difproportion  in  any  cafe  produces,  and  vice 
I'erfa. 

In  the  preceding  papers  the  coal  and  iron-ftone  have  been 
traced  through  their  various  ftages  of  preparation,  and  that 
ftage  pointed  out  in  which  they  were  mod  fuitablc  for  the 
profitable  manufacture  of  the  metal.  It  will  be  neceflan,-  to 
carr}'  along  with  ns  this  facl,  that  in  the  exaft  proportion 
which  the  quantity  of  carbon  bears  to  the  quantity  of  metal 
in  the  ore,  and  its  mi.xtures,  fo  will  be  the  fufibility,  and  of 
courfe  the  value  of  the  pig-iron  obtained.  The  importance 
of  this  truth  will  ftill  farther  appear  when  we  confider  the 
very  various  qualities  of  pit-coal,  the  different  proportions  of 
carbon  which  they  contain,  and  the  various  properties  at- 
tached to  every  fpecies  of  this  ufeful  combuftible. 

Among  the  many  ilrata  of  coal  which  I  have  diflilled, 
fome  I  have  found  to  contain  70  parts  in  the  100.  This 
large  proportion  is  peculiar  to  the  clod-coal,  ufed  at  fome 
of  the  iron-works  in  England,  and  jufily  preferred,  for 
the  purpofe  of  manufadlure,  to  the  pureft  and  hardcft  variety 
of  fplint-coal.  The  latter  I  have  found  to  average  from  50 
to  59  parts  of  carbon  in  the  100;  and  the  foft,  or  mixed 
qualities  of  coal,  from  45  to  53  parts.  Such  various  propor- 
tions of  carbon  plainly  point  out,  that  the  operations  to  be' 
followed  at  each  individual  iron-v.-ork  ought  not  to  reft  uporf 
7  precedent. 
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precedpnt,  unlefs  borrowed  from  thofe  works  where  exadly 
the  fame  quality  of  coal  is  ufcd.  This  analyfis  alfo  lays  opca 
part  of  the  fource  from  whence  originates  the  widely  dif- 
iL rent  quantities  of  metal  produced /"iT  week  at  various  bLaft- 
-Lirnaces,  and  the  great  difproportions  of  ore  ufed  to  difterent 
'oals. 

Experience  has  fliewn  that  the  three  qualities  of  coal  juft 
mentioned,  will  fmclt  and  give  carbonation  to  the  following 
proportions  of  the  fame  fpccies  of  torrefied  iron-ftone : — 
112  lb.  of  clod-coal  cokes  will  fmelt         -         -        1301b. 
112  ll->.  of  fplint-coal  cokes  will  fmelt       -         -       1051b. 
1 12  lb.  mixed  foft  and  hard  coal  cokes  will  fmelt       84ib. 
Let  the  iron-ftonc  be  fuppofed  in  the  blalt-furnace  to  yield 
40  per  cent,  then  we  find  that  the  i-20th  of  a  ton  of  the  re- 
fpe6livc  qualities  of  cokes  will  fmelt  and  carbonate  ttie  fol- 
lowing proportions  of  iron,   I'lz. — 112  lb.  clod-coal  coke?, 
130  lb.  iron-ftone,  at  40  per  cent.  =  52  lb.  iron;  112  lb.  of 
fplint-coal  cokes,  10,5  lb.  of  the  ftone  =  421b.  of  iron;  and 
li2lb.   foft  and  hard   coal   cokes,   841b.  of  the  iron-ftone- 
=  33  ^  lb.  of  iron.    We  then  have  for  the  quantity  of  metal 
produced  bv  one  ton  of  each  quality  of  cokes  : 

Clod-coal      52       X  20   =    10401b. 
SpHnt  ditto    42       X  20  =     8401b. 
Mixed  ditto   33.^^  x  20  =     7021b. 
This  furniflies  a  datum  whereby  we  eafily  obtain  the  quan- 
tity of  the  various  cokes  nccelTary  to  produce  i  ton  of  car- 
bonated crude  iron  by  conmion  proportion :  for  if  10401b. 
jt  metal  are  produced   by  i   ton,  or  224c  lb.  of  clod-coal 
cokes,  the  quantity  of  the  fame  cokes  requifite  for  the  pio- 
duftion  of  1  ton,  or  2240  lb.  of  metal,  will  be  :        T.   C.  ^o.  ;5. 

4S24-61b.  =  2  308 
fplint-coal  cokes  840  :  2240::  2240: 5973-3 lb.  =  2  13  19 
Mixed  ditto  702  :  2240  ::  2240  :  7147-5 lb.  =3     337 

If  to  the  quantity  of  cokes  necejTarv  to  manufacture  i  ton 
of  crude  iron,  we  add  the  quantity  of  volatile  mailer  driven 
off  in  the  procefs  of  charring,  which  may  be  thus  eliimaled 
upon  the  average  of  each  quality: — 
Clod  coal    |-  or  37i/;t7<:.  produce  in  cokes  |    a   6zl  per  c. 

Splint  coal  |  —  50,  : A  or  50 

-'(lixedcoal  A  — 62. «; '  —  •^r- 

Then, 
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Then,  for  the  quantity  of  the  refpeftive  coals  ufed  in  the 
raw  (late,  we  have  the  following  refults  in  proportion: — 

r.  a     ^  lb. 
Clod-coal      5:4824-5  ::  8  :     7719I    =    3     8     a  19 
Splint-coal   4:5973*3   ::  8  :   11946       =5     6     2  18 
Mixed  coal  3: 7147-1   ::  8  :   19158J    =    8  11     o  16 
Thefe  great  difproportions  of  quantity,  ufed  to  fabricate 
1  ton,  or  2240  avcrdupoife  pounds  of  the  fame  quality  of 
crude  iron,  will  convey  a  ftriking  and  impreflive  idea  of  the 
multifarious  qualities  of  coal    which  may  be   applied  and 
made  to  produce  the  fame  effefts.     Ii  (liould  alfo  convince 
the  nianufadlurer  that  the  ftudy  and  analyfis  of  his  own  ma- 
terials is  the  firfl  and  radical  approach  to  true  knowledge, 
and  certainty  of  operation.     Dived  him  of  this  knowledge, 
and  view  him  guided  by  the  cujloms  and  rules  prevalent  at 
another  manufaftory,  where  the  coals  and  ores  may  be  as 
different  as  has  been  already  mentioned,  and  we  will  no 
lonTcr  wonder  at  the  uncertainty  of  his  refults,  and  the  num- 
berlefs  errors  of  his  dircftion. 

Before  I  enter  into  the  practical  difcuflion  of  the  applica- 
tion of  coal,  I  beg  leave  to  indulge  myfclf  in  the  following 
calculations : — We  have  already  feen  that  the  production  of 
22401b.  of  carbonated  crude  iron  requires  48241b.  of  clod- 
coal  cokes;  thefe  mav  be  averaged  to  contain  4-5  per  cent,  of 
aflies,  which,  dedufted  from  4824,  gives  4607  lb.  of  carbon 
ufed  for  i  ton  of  metal:  this  fum,  divided  by  2240,  farther 
gives,  for  i  lb.  of  call  iron  thus  manufactured,  2*056  lb.  of 
carbon. 

We  next  find  that  22401b.  of  the  fame  metal  requires  of 
fplint-coal  cokes  5973*3  lb,  ;  we  farther  find,  from  a  table  of 
the  analyfis  of  coal,  furniihed  in  a  former  paper,  that  100 
parts  of  the  raw  coal  contained  4*2  parts  of  afties.  As  it  is 
there  dated  to  lofe  50  per  cent,  in  charring,  100  parts  of 
cokes  will  contain  8-4ofadies;  and  8-4  percent,  deduced 
from  5973"35  gives  54721b.  of  carbon.  This  again,  reduced 
by  22401b.  aives  for  each  lb.  of  metal  rnanufaAurcd,  2*442  lb. 
Again,  7i47'i  lb.  of  cokes  produced  from  foft  mixed  coals 
are  confumed  for  every  ton  of  2240  avcrdupoife  pounds  of 
crude  iron  produced  5  every  100  parts  of  the  fame  ccals  con- 
tain 


i 


Tron-Slones  ufed  at  the  Ulajl-Purnacgt  ^6g 

tain  y^  parts  of  alhes ;  and  lOO  parts  of  cokes  contain  nearly 
6*5 /)6T  ct?;z/.  of  aflies,  which,  dedufted  from  7147-3,  gives 
66y2'6  of  carbon,  which  divided  by  2240,  gives,  for  the  quan- 
tity ufcd  for  I  lb.  of  caft  iron,  2*978  lb. 

From  thefe  calculations  it  appears,  that  2240  lb.  of  carbo- 
nated iron,  requires  of  carbon  from  clod-coal  4607  lb.  j  of 
carbon  from  fplint-coal,  5472  lb. ;  and  of  carbon  from  mixed 
coal,  6672  lb. :  that  i  lb.  of  carbonated  iron  requires  of  car- 
bon from  clod-coal  cokes  2,0561b.;  from  fplint,  2_,442lb. } 
from  mixed,  2,983  lb.  :  and  that  carbonated  crude  iron  may 
be  obtained  when  widely  different  quantities  of  carbon  have 
been  confumed. 

In  feeking  for  a  folutlon  of  the  latter  fact,  we  mufl:  have 
recourfe  to  the^illcrent  degrees  of  inflammability  of  the  car- 
bon, according  to  the  various  laws  of  continuity  impofed  upon 
it  in  its  foilil  conftruclion.  It  can  eafily  be  conceived,  that, 
owing  to  this  uructure,  and  the  nature  of  the  intcrpofed 
alhes,  the  particles  of  carbon  of  fome  cokes  will  be  more 
eafily  oxvgenated  than  thofe  of  others;  in  the  fame  way  that 
we  find  fplint-coal,  when  expofed  to  ignition  in  conta6t  with 
open  air,  aflords  i-3d  of  more  cokes  than  arc  obtained  from 
foft  mixed  coals,  though  the  latter,  when  dittiiled,  yields  more 
pure  carbon  than  the  former. 

By  experiment  it  is  proven,  that  J  00  grains  of  carbonic 
acid  gas  is  compofcd  of  72  parts  of  oxygen  united  with  28 
parts  of  carbon :  if  the  quantity  of  the  carbon  of  clod-coal, 
I'iz.  2*056  lb.  ufed  for  the  manufadluring  of  every  pound  of 
caft  iron,  is  reduced  to  grains,  we  will  find  it  to  confilt  of 
14392  grains;  this,  divided  by  28,  gives  the  acidifiablc  prin- 
ciple of  514  X  100  —  51400  grains  of  carbonic  acid  gas*: 

*  This  is  fuppofing,  for  the  moment,  that  the  v/h'jle  of  the  carbon  is 
oxygenated,  cither  by  the  oxygen  confined  in  the  ore,  or  obtained  from 
the  difcharging-pipe  by  the  dccoinpofnion  of  the  atrnof^jheric  air :  this, 
however,  is  not  ftriftiv  true,  as  the  metal  tnkes  up  a  fmaU'  portion,  by 
weight,  of  t^e  carbon  ;  and  when,  ty  accident,  nioifture  has  betn  intro- 
duced into  the  furnace,  either  through  the  medium  of  the  Waft,  or  of  the 
materials,  its  decompoficion  f umifhes  a  portion  of  both  oxygen  and  iiydro- 
gen,  wbich  may  diCTolve,  and  alfo  carry  oft",  a  part  of  the  carbon.  Atmo- 
fpheric  air  being  found  to  LolJ  water  ii:  folution,  a  fmall  quantity  of  hy- 
drogen will,  even  in  the  drieA  weather,  be  preil-nt  in  the  blali-iurnace.    M. 
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hence,  as  i  cubic  foot  of  this  gas,  at  29*84  of  barometrical 
preffiire,  and  54-5  of  temperature,  weighs  nearly  761  grains, 
we  find,  thai  in  the  formation  of  every  pound  of  cail  iron 

^—^ — ■  =  <57,S4  cubical  feet  of  carbonic  acid  ffas  will  be 
761  ''^  ^ 

formed ;  and  in  the  production  of  i  ton  of  metal,  the  afto- 
nifliing  quantity  of  151289,60  cubic  feet.  This  quantity, 
however  incredible  it  xiiay  feem,  is  only  what  would  be 
formed  under  the  above  prefTure,  and  at  the  above  tempera- 
ture :  when  we  take  into  the  account  the  high  temperature 
at  which  the  decompoiilion  and  recombination  are  cfiecled, 
with  the  confequent  increafe  of  elaftic  force  and  of  volume, 
our  ideas  are  almoft  unable  to  commenfurate  the  fum  of  the 
eas  hourly  formed,  and  thrown  off,  ignited  to  the  highefl  de- 
gree of  heat. 

If  the  fame  mode  of  calculation  is  adopted  with  the  other 
qualities  of  coal,  we  will  have  the  following  refults  : — 

For  the  fplint- coal  3,4421b.  or  -^—   =   610,5   ^   ^^^ 

=:  6io<o  grains  of  carbonic  acid,   which   sives  ~  — 

■^    ^  ^  ^  761 

82,85  cub.  feetfor  lib.,  and  82,85  ^  2240  =  185,584  cub. 

20881 

feet  for  I  ton.    For  the  mixed  coal  2,08",  or  Z =  *jio  x 

^  ^  28  ' 

,      .        .,      ,       •      71000 
100  =  7 1000  grams  carbonic  acid;  that  is, =    93.3 

cubical  feet  for  i  lb.;  and  93,3  X  2240  =  208,992  cubical 

feet  for  I  ton.     By  the  fame  calculation  we  mav  attain  a 

pretty  accurate  notion  of  the  quantity  of  atmofpheric  air  nc- 

ceffary  to  produce  i  lb.  or  i  ton  of  caft  iron;  an  average  of 

the  three  varieties  of  coal  will  be  fufficicntly  accurate  for  this 

'   .  .              (.       .       14392  +  17094  +  20881 
thispurpole;  thus  ■  ^^^ J— 22. =:  174555  or 

2,4935  lb.  of  carbon  are  confumcd  upon  the  average  of  each 
pound  of  pig-iron  :  this  is  found  to  produce  of  carbonic  acid 

gas     T'^^J^.L    —   62"34i  X  ico  =  62*30041  grains;   which 

again  divided  by  761,  the  grains  in  one  cubic  foot  gives  81 '86 

cubic  teet  for  the  gas  difcharged  in  nianufaduring  one  pound 

^      '  "       ;  of 
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of  caft  iron.  As  carbonic  acid  contains,  as  has  already  been 
noticed,  72  parts  of  oxygen  in  ico,  then  we  have  for  the 
quantity  of  oxygen  gas  100  :  72  :  :  62300-41  :  44856*29 
grains  oxygen  gas  5  and  as,  at  the  ordinary  temperature  and 
prefTure  of  the  atmofphere,  a  cubic  foot  of  oxygen  gaswciohs 
591  grains,  we  find  44856*29  divided  by  591  --  75*89  cubic 
feet  of  oxygen  gas  necefiary  to  form  the  acidifyincr  principle 
of  8i*86  cubic  feet  of  carbonic  acid  gas;  and  that  the  fame 
quantity  of  oxygen  gas  is  neceflary  to  the  produftion  of  one 
pound  of  carbonaied  crude  iron.  This  leads  us  to  the  fol- 
lowing (latement  for  the  quantity  of  atmoibberic  air  ufed 
during  the  fame  operation ;  firft  premifing  thai  the  confti- 
tuent  parts  of  almofpheric  air  arc  nearly  )  7^  of  azote  and 
27  of  oxygen  gas ;  of  atmofphcric  air  then  neceflary,  we 
have  27  :  100  : :  75*89  :  281  cubic  feet. 

I  fhall  now  proceed  from  mere  calculation  to  matter  of 
faft,  and  attempt  to  prove  the  correftni^fs  of  the  fornic;r  by 
the  approximation  of  the  latter  to  its  refults.  Let  a  blaft- 
furnace  be  fuppoled  to  produce  20'  tons  of  pig-iron/^rweek, 
=  45360  averdupoife  pounds  5  this,  divided  by  days,  hours, 
minutes,  and  feconds,  gives /)rr  day  6480  pounds,  pe7-  hour 
270,  ^-cr  minute  4^-  lb.,  and  /^tr  fecond  525  grains. 

From  this  it  is  evident  that  i  lb.  of  call  iron  is  produced 
in  13  ,^\-  feconds  :  experience  has  fliewn  tliat  a  blall-furnacc, 
producing,  in  any  of  the  above  periods,  the  refpeftive  quan- 
tity of  mctid,  requires  a  difcharge  of  air  per  minute  nearly 
C(jual  to  1350  cubic  feet;  this,  divided  by  4,5  lb.,  the  quan- 
tity produced  per  minute  gives,  for  i  lb.  iron,  300  cubic 
feet.  The  quantity,  by  calculation,  we  have  feen  to  be  281 
cubic  feet — difference  19:  a  fum  no  way  confiderable  when 
we  reflcvSl  upon  the  inequality  of  the  movements  of  a  blowino" 
machine,  and  when  it  is  rccollecled  tliat  fome  allowance 
ought  alfo  to  be  made  for  what  air  may  pafs  through  the 
furnace  undecompofed,  or  may  be  loll  at  the  place  of  cu- 
Irance. 

From  this  coincidence  of  theory  with  praelice,  we  cannot 
help  admiring  the  rigorous  principles  on  which  the  Lavoi- 
ferian  fyftem  is  founded ;  nor  are  we  lefs  pleafcd  to  find,that^ 
twall  as  the  operations  of  the  cheniifl  m.ay  be,  yet  they  arc  a 
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juft  epitome  of  what  takes  place  in  the  philofophy  of  exten- 
live  manufactories.  The  following  table  exhibits  the  quan- 
tity of  carbon  which  may  be  ufed  upon  an  average,  with  the 
relative  quantity  of  carbonic  acid  formed,  and  air  ufed  : — 

In  the  manufafture  of  i  lb.   —  i  ton  of  iron. 

The  pure  carbon  requifite  is     2-49     —       5585-4410. 
Carbonic  acid  formed       -     8i'86     —   183366-40  cub.  feet 
Oxygen  gas  ufed       -       -      75*89    —    i69993'6o  cub.  feel 
Atniofpheric  air  employed    ::8i-oo    —    629440*00 cub. feet. 

From  the  foregoing  particulars  upon  coal  may  he  learned 
how  much  is  dependent  upon  the  native  conitruclion  of  coul 
and  its  conftituent  parts ;  I  fliall  next  advert  to  the  effects 
produced  by  its  improper  preparation. 

When  coals  intended  for  the  blaft-farnace  are  fufficiently 
charred,  they  ought,  in  point  of  colour,  to  be  of  a  filver  grey; 
their  frafture  will  appear  lamellated  and  porous  if  iplint-coals 
have  been  ufed;  fofter  coals  form  themfelves  into  branches 
nightly  curved,  and,  when  properly  prepared,  are  always  very 
porous.  I  have  frequently  found  that  the  better  the  cokes 
were  charred,  the  more  water  they  will  abforb.  Coals  half 
burnt  do  not  take  up  half  fo  much  water,  bccaufe  their  frac- 
ture continues  in  part  to  be  fmooth  and  lefs  porous  than 
when  thoroughly  burnt. 

When  half-prepared  cokes  are  introduced  into  the  furnace, 
the  metal  formerly  carbonated  will  lofe  its  grcv  frafture,  and 
approach  to  the  quality  of  oxygenated  iron.  Their  prefence 
is  eafily  detected  by  the  unufual  (.juantity  of  thick  vapour 
arifing  along  with  the  flame.  Rcfidcs,  the  water  and  fulphur, 
which  raw  coals  introduce  into  the  furnace,  and  which  always 
impair  the  quantity  of  carbon  by  the  yarious  fulutions  ef- 
fected by  the  prefence  of  oxygen,  hydrogen,  8cc.  the  fitnefs 
of  the  coal  for  combuftion,  and  the  fupport  of  the  ore,  is 
much  diminiflied  by  this  fecorid  courfj  of  ignition  and  dif- 
ens;aiTement  of  bitumen.  The  prefi'ure  of  the  incumbent  ores 
alio  fracture,  and  reduce  the  cokes  into  fmall  pieces,  which 
produce  a  confiderable  portion  of  coke-dult ;  this  is  partly 
carried  to  the  top  of  the  furnace  before  the  blaft :  fometimes 
below  it  appears  in  immenfe  quantities,  ignited  to  whitcnefs, 
a,nd  liquid  as  fand.     Coal  thus  detached  from  the  mafs,  ex- 
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pofed  to  the  action  of  a  comprefl'ed  current  of  air^  is  unfit  for 
conveying  the  carbonic  principle  to  the  metal ;  and  as  it  fre- 
quently belongs  to  the  juft  proportion  of  charcoal  neceflary 
to  fmelt  the  ores,  and  to  carbonate  their  iron,  its  lofs  muft  be 
felt,  and  the  quality  of  iron  impaired. 

When  cokes  of  anv  quality  are  expofed  to  a  moift  atmo- 
fpheric,  fo  as  to  abforb  water,  their  eii"e6ls  in  the  blatl-fur- 
nace  become  much  reduced,  an:-  the  prefence  of  the  water 
is  productive  of  the  moll  hurtful  confequences  in  the  produc- 
tion of  carbonated  crude  iron.  I  have  found,  by  repeated 
experiment,  that  i  lb.  of  well-prepared  cokes  will,  when  laid 
in  water,  take  up  i^  ounces  in  the  fpace  of  half  an  hour;  at 
this  rate,  a  bafkct  of  cokes  weighiivg  8olb.  faturated  with 
water,  will  contain  140  ovmces  of  water,  or  8 1^  lb.  If  the 
charge  contains  fix  balkets,  then  we  fee  that  upwards  of 
50  lb.  of  water  is  introduced  regularly  along  with  the  charge, 
furnifl)ing  an  additional  quantity  of  oxyfjcn  equal  to  42!- lb., 
and  of  hydrogen  equal  to  7  I  lb.:  it  frequently  happens  that 
the  cokes  contain  a  larger  portion  of  water  than  is  here  dated. 
When  cokes  thus  furcharged  are  introduced  in  quantity  into 
the  blaft-furnace,  the  qualitv  of  the  metal  is  not  always  in- 
flantaneoufly  changed,  and  frequently  the  colour  and  form  of 
the  cinder  remain  long  without  any  great  alteration.  The  con- 
tact of  wetted  cokes  with  the  ore  is  firfl  feen  by  the  great  dif- 
charge  of  pale-blue  gas,  with  the  whiter  flame  at  the  top  of 
the  furnace ;  next,  the  accumulating  oxvde  upon  the  furface 
of  the  pig  when  confolidating  indicates  their  prefence.  Iron 
thus  oxygenated  frequently  exhibits,  while  fluid,  that  agitation 
and  delicate  partings  peculiar  to  carbonated  nietal  :  the 
remclting  of  this  iron  is  never  attended  with  advantage^  and 
is  always  unprofitable  to  the  founder. 

From  the  properties  afligned  to  pit-coal  in  this  and  in 
former  papers,  tne  following  fa6ls  may  be  deduced  : — That 
charcoal  is  the  bafis  of  the  manufa6lure  of  crude  iron ;  that 
its  proper  application  produces  the  moft  valuable  qualities  of 
pig-iron;  that,  by  diminifliing  its  relative  ])roportion,  or  con- 
taminating its  quality  by  heterogeneous  mixtures,  the  value 
and  fufibihty  of  the  metal  is  loll}  but  that,  by  a  proper  in- 
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creafe,  and  always  in  proportion  to  this  increafe  will  the 
fufibility  and  value  of  the  iron  be  mended.  From  the  whole 
an  important  leiTon  may  be  learned  of  the  pernicious  effefts 
of  water  in  the  furnace,  and  how  abfolutely  necelfary  it  is  to 
prepare  the  cokes  without  uling  water,  either  to  damp  the 
fires,  as  in  the  ufual  mode,  or  to  cool  the  cinders  obiaincd 
from  the  tar  kilns,  to  prevent  their  confuming  in  the  open 
air:  in  ali  this  hurtful  operation  confiderable  quantities  of 
water  become  \^XQ^\  in  the  cokes,  which  require  a  very  great 
degree  of  heat  to  expel. 


The  preparation  of  iron-ftone  has  already  been  fully  at- 
tended to,  and  the  phenomena  which  it  exhibits  under  every 
Itage  minutely  defcribed.  In  confequence  of  various  expe- 
riments we  are  authorifed  to  draw  the  following  conclufions  : 
That  when  pure  calcareous  iron-ftone  is  ufed,  it  admits  of  hav- 
ing the  local  quantity  of  cokes  diminiflied  -,  that  argillaceous 
requires  a  larger  portion  than  the  calcareous  genus;  and  that 
liliceous  iron-ftone  requires  a  greater  proportion  of  fuel  than 
anv  variety  of  the  former  genera.  We  have  alfo  fecn  that 
faiibility,  either  connefted  with  firength  or  otherwife,  is  de- 
rived from  the  mixtv.re  of  the  ores;  and  that  exceflive  brittle- 
Hcfs,  intimately  conne6led  with  infafibility,  is  alfo  derived 
from  the  fame  fource.  From  a  review  of  thcfe  fafts,  we  are 
forcibly  imprclTed  with  the  importance  of  combining  the  pre- 
pared iron-ftones  with  prcportions  of  fuel  fuiicd  to  their  va- 
rious natures,  in  order  to  produce  all  the  virieties  of  crude 
iron  with  the  greateft  poflible  ceconomy.  Contemplating 
farther  the  fame  fubjeft,  it  is  eafy  to  be  conceived  that  a 
want  of  knowledge  of  the  component  parts  of  iron-ftones, 
and  the  cficcls  which  individually  they  produce,  muft  lead 
to  great  uncertainty  of  operation  in  the  fmelting  procefs, 
wherein  the  beautiful  oeconomy  of  nature,  and  even  real 
property,  will  be  often  unprofitably  facrificed  to  precedent. 

Beiides  the  above  caufes  of  alteration,  dependent  upon 
mixtures  of  the  earths,  the  exiftence  of  oxygen  in  various 
quantities  in  the  ores  ought  never  to  be  overlooked  in  pro- 
portioning the  cokes  to  the  iron-ftone.    This  powerful  agent, 

whofe 
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whofe  form  and  fubftance  conftantly  ekicics  our  vlfion;  whofe 
cxiftencc  is  only  al'certained  by  the  wondcrrul  changes  pro- 
duct'd  by  its  various  combinations  with  the  iron;  and  whofe 
-rcfcncc  in  the  fame  iron-flone,  in  various  quantities,  may 
produce  fuch  variety  of  refult  as  to  chara6lerife  the  ores,  as 
containing  good  or  bad  iron,  furely  forms  the  moll  intereft- 
ing  mixture  which  ores  or  iron-ilones  poflefs.  It  will  be  a 
momentous  epoch  in  the  manufacture  of  iron  when  the  cx- 
iftcnce  of  fuch  a  principle  (hall  be  fully  admitted  by  the  ma- 
nufacturer, and  its  agency,  from  certain  vifible  efl'eits  pro- 
iluced,  adopted  to  explain  its  accompanying  phenomena. 
Till  that  period  he  will  not  perceive  the  utility  of  afcertain- 
ing  the  quantity  of  oxygen,  and  devifing  oeconomical  me- 
thods of  taking  it  from  the  ore.  An  attention  to  this  pow- 
erful principle  can  alone  root  out  thofe  prejudices  fo  inimical 
to  the  real  interefts  of  the  manufa6lurer,  and  which  fcem  to 
dance  at  Nature,  as  having  improvidently  combined  her 
moll  ufeful  metal  with  mixtures  which  could  refill  the  inge- 
nuity of  man,  or  fet  his  comprehcnfive  intelleCl  at  defiance. 
In  the  progrcfs  of  this  great  inquiry,  is  it  not  poflible  that  the 
prcfcnt  cxpenfive  exertions  may  in  part  be  fuperfeded  ?  I3  it 
not  poflible,  that,  by  laying  open  the  fources  of  informa- 
tion to  individuals  at  large,  a  greater  mafs  of  intellecSl  may 
engage  in  the  pra«Slice  of  this  art  ?  While  tiie  prefent  ex- 
tenfive  and  lofty  buildings  are  neceffar}',  the  bufinefs  is  en- 
tirely confined  in  the  hands  of  men  of  great  capital :  the  ex- 
tent of  their  manufaiSlures  require  that  a  large  tra6l  of  coun- 
try be  devoted  to  their  fupply ;  a  natural  confequence  is,  that 
innumerable  fmall  tracls  of  land  are  overlooked,  or  held  un- 
worthy of  notice,  merely  becaufe  they  cannot,  in  a  period 
neceflary  to  clear  a  great  capital  and  infure  a  fortune,  afford 
tlie  neceflluy  fupply  of  materials.  Such  fituations,  accord- 
ing to  the  prefei:it  (iatc  of  the  iron  bufinefs,  niufl  remain  un- 
e;:plored.  Should,  however,  a  defire  for  truth  once  gain  foot- 
ing in  the  manufactories  of  iron,  and  Ihould  this  natural 
impulfe  of  the  unprejudiced  mind  keep  pace  with  other 
branches  of  intclle6lual  information,  we  may  not  defpair  of 
feeing  many  imperfe6lions  removed,  which  w_;e  the  unavoid- 
able conlcquencc  of  the  period  of  their  c: cation. 

In 
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In  the  application  of  iron-done  in  the  blaft-furnace,  the 
following  particulars  ought  rigorouHy  to  be  attended  to : — 

I.  Their  mixtures,  whether  clay,  lime^  or  filcx  :  their 
relative  proportions  to  each  other,  judging  according  to  the 
rules  formerly  laid  down;  which  of  them  may  admit  of  a  di- 
minution of  fuel ;  which  of  them  will  afford  the  quality  of 
iron  at  the  time  requifite;  and  which  of  them  will  be  moft 
likely,  by  a  judicious  arrangement,  to  give  the  greateft  pro- 
duce of  metal,  united  with  value  and  ceconoray.  Iron-ftones, 
united  with  large  portions  of  filex,  have  already  been  ftated 
to  require  a  greater  proportion  of  fuel  to  carbonate  their  metal 
than  the  other  genera.  When  ballaft  or  forge-pigs  are 
wanted,  it  ftands  to  reafon  that  filiceous  iron-ftones  ought 
to  be  ufed  ;  not  that  they  contain  a  greater  quantity  of  iron, 
but  becaufe  they  form  a  fuhftitute  for  the  other  kinds,  which 
may  be  more  advantagcoufly  fmelted  for  the  produ6lion  of 
more  valuable  qualities. 

"  2.  Thequantityofmetal  which  each  individual  iron-ftonemay 
contain,  is  another  object  of  confideration.  Bcfides  the  pro- 
portion of  mixtures,  which  chiefly  contribute  to  the  fufibility 
of  iron-ftones,  a  fecond  degree  of  fufibility  is  dependent  upon 
the  richnefs  of  the  ore  in  iron :  this  is  fo  obvious  in  the  u^o. 
of  the  Cumberland  and  Lancafliire  ores,  that  the  confe- 
quences  of  their  introduction  will  be  perceived,  by  the  change 
of  the  fcoria  and  metal,  in  half  the  time  that  change  would 
be  effefted  by  ordinary  iron-ftones.  It  has  been  frequently 
noticed,  that  crude  iron  contained  pure  carbon  in  proportion 
to  its  fufibility  ;  then  the  more  fufible,  or  fupercarbonated 
qualities,  muft  take  up,  comparatively,  a  confiderable  portion 
of  the  carbonaceous  principle  from  the  fuel.  From  this  refults 
a  ftriking  confequence,  that  the  quantity  of  fuel  fliould,  over 
and  above  its  relation  to  the  mixtures,  bear  a  juft  proportion 
to  the  quantity  of  iron  in  the  ftone :  for  example,  let  the 
weight  per  charge  of  fuel  at  a  blaft-furnace  be  400  lb.,  and 
let  this  be  fuppofcd  fufliciently  to  fufe  and  carbonate  the  iron 
contained  in  360  lb.  of  iron-ftone  ;  let  the  quantity  of  metal 
be  fuppofed  2,S  p^X  cent,  then  the  produce  will  be  126  lb. 
Should  a  change  take  place^  and  iron-ftone  richer  in  iron  be 
applied,  though  the  fame  by  weight,  and  fliould  this  iron- 
ftone 
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ftone  yield  of  torrefied  ftonc  45  fer  cent,  its  produce  will  be 
1621b.  or  40  lb.  more  than  the  former.  As  there  exifts  no 
greater  proportion  of  carbon  in  the  furnace,  it  is  evident 
that  the  exilling  quantity,  being  diftributed  over  nearly 
I -3d  of  more  metal,  muft  therefore  be  in  more  fparing  quan- 
tity in  the  whole,  and  the  value  of  the  metal  conlequently 
reduced. 

^.  The  weight  of  o.\'ve:en  contained  in  iron-floncs  is  the 
next.  ol)je6l  of  ferious  confideration,  I  liave  already  fhcwn, 
from  experiment,  that  our  iron-ftoncs  naturally  contain  from 
9  to  14  per  cent,  of  oxvgen,  which  remains  after  torrefa8;ion  ; 
it  has  alfo  been  fliewn,  that  this  quantity  of  hurtful  mixture 
may  eafily  be  doubled  by  over-roalling  or  under-roafting  the 
ftone;  and  that  the  bad  eflefts  entailed  are  in  the  ratio  of  its 
combination  with  the  iron.  From  a  review  of  the  facls  ad- 
duced on  this  fubje6l  in  various  parts  of  my  papers,  its  agency 
and  effects  will  eafily  be  credited  by  m.en  of  fciencc;  its  pro- 
perty of  conltituting  the  acidifying  bafe  of  all  the  acids  rea- 
dily explains  the  unalienable  confeqnence  of  its  prefence  with 
acidifiabic  bafes.  The  effects  are  (till  more  pernicious  when 
the  oxygen  is  furnifhed  by  the  decompofition  of  water  in 
raw  iron-itone;  the  hydrogen  in  this  cafe  fet  free,  alfo  feizcs 
a  portion  of  the  carbon;  and  thefe  abftradlions,  united  to  that 
produced  by  the  native  portion  of  oxygen  in  the  ftone,  form 
an  aggregate  which  frequently  reduces  the  value  of  iron  40 
per  cent.  So  long  as  the  principles  of  fcicnce  are  overlooked 
in  the  manipulations  of  the  foundry  and  forge,  the  exigence 
of  fuch  agents  will  be  treated  as  chimeras  of  the  philofopher 
and  chemift,  and  the  effects  hourly  produced  by  them  in- 
dultrioufly  attributed  to  caufes  which  in  point  of  unity  or 
confiltency  will  not  bear  the  flighttft  touch  of  iiiveltiga- 
tjon. 
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XI.  A  nc'W  Theory,  po'uithig  out  the  Situation  of  the  Mag^ 
net'ic  Poles,  and  a  Method  of  d'lfcovcring  the  Longitude. 
By  P.  R.  Nugent,  Ej'q.  formerly  Surveyor-General  of 
Lands  for  the  Ijland  of  Cope  Breton.  Communicated  hy 
the  A-uthc^rf 

X  HE  feveral  interefting  and  important  voyages,  under- 
taken by  order  of  his  prefent  Majeltv,  for  making  difcoveries 
highly  beneficial  to  mankind,  particularly  in  what  relates  to 
geography  and  navigation ;  and  the  great  defire  and  intention 
of  deriving  every  poflible  benefit  from  the  many  obfervations 
which  fuch  extended  voyages  were  defigned  to  off<;r  ample 
room  and  opportunity  for  making,  became  objcfts  of  pecu- 
liar concern  and  confequence.  In  addition,  therefore,  to  the 
undoubted  and  acknowledged  abilities  of  the  refpeflive  com- 
manders and  of?icers  appointed  to  fuch  defignation?,  the 
Commifiioners  of  the  Board  of  Lorsgitade^  thought  fit  to  ap- 
point, for  every  voyage,  one  or  more  perfons  on  whofe  fcitn- 
--tific  ability,  fidelity,  and  diligence  in  affifting  to  make  the 
refpective  obfervations,  they  could  alfo  rell  latisfied.  Thefe 
gentlemen  were  therefore  furnifned  with  the  completell:  in- 
ftruments  which  the  moll  fcrupulous  care,  intention,  and 
circurafpe^lion,  together  with  a  total  difregard  to  expcnce, 
could  be  found  to  procure.  Their  report  and  teftimony  is 
therefore  conclufive  proof  of  the  perfeclion  or  imperfeclion 
of  the  feveral  inflruments  they  had  with  them;  their  report 
of  the  azimuth  compafs,  and  dipping-needle  or  compafs,  is 
as  follows  :-r- 

Of  the  Azimuth   Compafs. 

The  late  ingenious  and  accurate  the  Hon.  Captain  Phipps, 
afterwards  Lord  Mulgrave,  in  his  account  of  his  Vovao-e  to- 
wards the  North  Pole,  p.  108,  remarks  as  follows: — "  The 
variation  of  the  compafs,  always  an  interefting  object  to  na- 
vigators and  philofophers,  became  peculiarly  fo  in  this  vov- 
agc,  from  the  near  approach  to  the  Pole  :  many  of  the  theo- 
ries that  had  been  propofed  on  this  fubjccf  were  to  be  brouo-ht 
to  the  tell,  of  obfervations  made  in  high  latitudes,  from  which 

alone 
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alone  their  fallacy  or  utility  Could  be  difcovered;  they  of  courfe 
engaged  much  of  inv  attention,  and  gave  me  the  fulleft  op- 
portunity of  expericiaeing,  with  regret,  the  many  impeffcc- 
tions  of  what  is  called  the  azimuth  compafa.  This  inftru- 
ment,  though  fufficiently  accurate  to  enable  us  to  obferve 
the  variation  fo  as  to  enable  us  to  fteer  the  (liip  without  any 
material  error,  with  the  precaution  of  always  ufing  the  fame 
compafs  by  which  it  is  taken,  is  far  from  being  of  fuch 
a  conftru6lion  as  to  give  the  variation  with  that  degree  of 
precifion  which  (liould  attend  experiii>ents  en  v,'hieh  a  theory 
is  to  be  founded,  or  by  which  it  is  to  be  tried.  The  obferva- 
tions  taken  in  this  voyage  will  fully  evince  this  by  their  great 
variations  from  one  another  in  fhort  intervals  of  time  ;  nor 
is  this  difagreement  of  fucceflive  obfervations  peculiar  to  liigh 
latitudes,  and  to  be  attributed  to  a  near  approach  to  the  PoIc;, 
as  I  found  it  take  place  even  upon  the  Englifli  eoaft." 

Mr.  Wales,  F.  R.  S.  Mafter  of  the  Royal  Mathematical 
School  in  Chrift's  Hospital,  Secretary  to  the  Board  of  Lon- 
gitude, &c.  in  page  49  of  the  Introduftion  to  the  Original 
Aftronomical  Obfervations  made  in  the  Courfe  of  a  Voyage 
towards  the  South  Pole,  and  round  the  World,  in  his  Maje- 
fty's  fliips  the  Refolution  and  Adventure,  in  1772,  1773,' 
1774,  and  1775,  l^y  himfclf  and  Mr.  William  Bayley,  now 
Mafter  of  the  Royal  Academy  at  Portfmouth,  pubhfhed  by 
order  of  the  Board  of  Longitude,  fays  : 

"  I  cannot  pafs  over  this  article  without  making  a  remark 
or  two  on  the  Irregularities  which  we  found  in  tbt  obferva- 
tions made  v.iih  thefe  inftruments  in  the  Channel  of  Eng- 
land :  the  extremes  of  the  obfervcd  variations  were  from 
19^  to  25;  and  all  the  way  from  LngJand  to  the  Cape  of 
Good  Hope  I  frequently  obf(;ived  dirt'crences  nearly  as  great 
without  being  any  way  able  to'  account  for  them,  the  dif- 
ference in  filuation  being  by  no  means  fufficient.  Thefe 
irregularities  continued  after  leaving  the  Cape,"  i.  e.  tli^y 
continued  throughout  the  voyage.  But  thefe  irregularities  ar^ 
trifling  compared  with  thofe 

Of  the  Dipping  N'eedhs,  Gr  Compa/). 
Thefe  inftrum-ents  were  fo  imperfctl  in  principfe,  and  the 
obfervations  ma'^t  with  them  fo  wncertain,  that,  excepting 
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the  obrervations  of  the  magnetic  uicllnation,  made  at  anchorp 
fir  on  fliore,  (and  even  thefe,  as  any  one  may  perceive,  were 
far  from  being  certain,)  no  manner  of  ufeful  certitude  or 
judgment  could  arife  from  tliem.'  Mr.  Wales,  in  his  de- 
kniption  of  the  dipping  needle  here  fpoken  of,  and  made  by 
?\Ir.  Nairne  agreeable  to  a  plan  of  the  Rev.  Mr.  Mitchell, 
F.  R.  S.  obferves,  in  page  50  of  the  Introdufilion  aforefaid  : 

**  The  principal  defers  in  this  confi;ru6lion  are,  the  diffi- 
culty in  placing  the  wires  which  carry  the  two  laft  men- 
tioned balls  in  the  proper  plane,  and  the  total  impoflibility 
of  knowing  when  they  arc  f o :  moreover,  it  is  very  poffible, 
and  und(;ubted!y  often  happens,  that  the  axis  of  the  needle 
and  its  two  poles  do  not  lie  in  the  fame  plane,  in  which  cafe 
another  difficulty  will  arife  in  adjufting  the  needle  to  great 
exactnefs,"  And  in  page  15  of  the  Obfervalions  themfelves, 
Mr,  Wales  remarks  as  follows  : 

"  The  dipping  needle  which  we  took  afliore  at  this  place 
(the  Cape  of  Good  Hope)  was  fo  much  out  of  balance,  and 
fo  difficult  to  get  in  again,  that  notwithftanding  we  both  of 
us  (Mr.  Wales  and  Mr.  Bayley)  fpent  all  the  Icifure  time  we 
had  from  other  obfervations,  we  did  not  get  it  perfeelly  ad- 
julled  before  we  went  away,  and  of  courfe  were  not  able  to 
get  any  obfervations  of  this  kind  at  this  time." 

Mr.  Bayley,  in  page  217  of  the  Original  Obfervations 
made  in  the  courfe  of  a  voyage  to  the  Northern  Pacific 
Ocean,  for  the  difcovery  of  a  north-eafl  or  north-weft  paf- 
fage,  in  his  Ivlajefty's  ffiips  the  Refolution  and  Difcovery,  in 
the  years  1776,  1777,  1778,  1779,  and  1780,  after,  as  appears, 
much  precaution  on  obferving  with,  and  changing  the  poles 
of  the  dipping  needle.  Sec.  fays:  On  the  28th  July  is  men- 
tioned an  accident  happening  to  the  dipping  needle :  "  the 
poles  were  not  then  changed,  as  the  obfervations  afterwards 
appeared  regular;  neither  were  the  polos  changed  on  receiving 
it  on  board,  as  it  was  faid  to  be  well  balanced  :  but  the  not 
doing;  it  at  either  of  thefc  times  was  a  great  overfight,  as  we  do 
not  know  the  error  of  ihc  dips  with  the  marked  end  north,  and 
dipping  iij^^ny  obfervations  before  to-day,  and  therefore  can- 
jiot  corrc/zl:  them  according  to  Mr,  Cavendifli's  diredtion?. 
If  we  fuppofe  the  fume  error  from  the  firfl  as  on  to-day,  (the 

mean 
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R'.ean  clip  with  the  marked  end  north,  exceeding  ihe  mean 

dip  with  the  marked  end  fouth  by  8    8^),  then  are  tlie  mcaa 

A.HH 
dips  from  the  beginning  to  be  diminiflied  by  -       or  244  X 

cofine  of  ilie  dips.     If,  again,  we  fuppofe  no  error  on  receiv- 
ing it,  nor  from  the  above  accident,  the  mean  dips  to  this 

day  will  be  leffcncd  by  ~  or  123  X  cofine  of  the  dir»." 

What  error  or  difference  arofe  between  the  extreme  of  the 
obferved  dips  with  the  marked  end  north,  and  thofe  with  the 
marked  end  fouth,  are  no  where  fet  down ;  they  mull:,  how- 
ever, undoubtedly  have  been  greater,  and  in  all  likeliljood 
much  greater  than  8°  8',  I'eeingthe  mean  refult  of  the  whole, 
fmall  and  jrreat,  jrave  8'  8'.  The  obfervations  made  bv  Lord 
Muljrrave  are  of  the  like  nature  and  uncertainty. 

The  whole  of  thefe  inRrumcnts  were  therefore  totally  in- 
adequate to  the  correal  and  ufefid  purpofes  of  navigation,  or 
indeed  to  any  corre6^  Iv  ufcful  purpofe  whatever :  they  were 
however,  as  before  obferved,  the  very  beft  that  could  be  ob- 
tained ;  and  in  the  making  of  which  no  expence  whatever 
on  the  part  of  the  Board  of  Longitude,  nor  pains  on  the  part 
of  thofe  who  made  them,  were  wanting  to  render  them  as 
perfeft  as  poffible,  and  fuch  as  fhould  anfwer  the  purpofes 
for  which  they  were  defie;ned ;  nor  do  I  entertain  any  doubt 
thev  were  as  much  fo  as  the  nature  of  their  conftru6lion  could 
poilibly  admit  of. 

My  purfuits  in  life  having  been  confiderably  conne^lcd 
with  objecTs  of  this  kind,  my  own  experience,  corrobo- 
rated by  the  above  and  like  tciiimonies,  together  with  the 
continual  neceflity,  which  arofe  from  time  to  time,  of  in- 
treafing  the  magnetic  orbit  fo  as  to  correfpond  to  the  increafe 
of  the  variation  (on  the  fuppofition  that  the  true  dip  and  va- 
riation might  be  accounted  for  and  predicted,)  by  means  of 
moveable  magnetic  poles  *,  led  me  into  endeavours  to  i;ivef- 

tigate 

*  "William  Whiflon,  M.  A.  in  the  8th  page  of  an  hiftorica!  preface  to 
a  p,>.mphiet  of  his,  cntitl;.vl,  "The  Longitude  and  Latitude  found  by  the 
Inciinatory  or  Dipping  NeedJe,"  gives  us  the  brief  hiflory  of  sll  theories 
then  publiflicd,  in  thefe  words,  ^cakingof  the  magncricpolts.and  theories  : 

"  However;  tliis  nvj'.icn  in  general  of  myvtabie  luatjuctic  poles  his  A- 
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tigate  fome  theory  more  conformable  to  the  laws  of  Nfatare*, 
and  which  would  reconcile  the  continual  difagreement  be- 
tween men  of  faience  on  this  fubjeft  :  and  this  defire  alfo  of 
fieccffity  led  me  into  endeavours  to  form  more  perfe£l  nau- 
tical inftruments,  fof  without  more  accurate  obfervations  no 
sflential  utility  whatever  could  arife  to  navigation  from  any 
kind  of  theory  however  perfeft.  To  detail  the  train  of  reafoii- 

ways  feemed  fo  probable,  or  rather  neceffary,  ever  fince  the  variation  has 
been  itfelf  found  to  vary,  and  this  after  a  certain  regular  manner;  alfo, 
that  Mr.  Pliillips  before  Mr.  Bond  alTerted  the  fame,  and  dated  the  revo- 
lution to  be  in  370  years ;  and  after  all,  our  learned  Dr.  Halley,  who  has 
£tr  outdone  every  body  upon  this  fubje£t,  has  determined  it  to  be  fo,  only 
he  has  thought  himfelf  obliged  to  add  the  hypothefis  of  two  other  fixed 
poles ;  and  from  the  joint  eflefts  of  all  four  poles,  and  from  thofe  only, 
has  he  been  able  to  bring  this  variation  of  the  variation  to  fome  kind  of 
fyftem  agreeable  to  the  obfervaticns.  He  has  alfo  been  obliged  to  lengthen 
the  period  of  the  moveable  poles'  revolution ;  and  as  Mr.  Bond  had  en- 
larged Mr.  Phillips's  number  fom  370  years  to  600,  fo  hns  Dr  Halley 
enlarged  the  fame  farther,  from  600  to  700  years}"  and  Mr.  Whiilon,  in 
page  58  of  the  pamphlet  itfelf,  ftates  the  revolution  of  Dr.  Halley's  inner 
r.ucleus,  or  north  magnetic  pole,  to  be  in  1920  years,  which,  he  obferves, 
is  much  flower  than  that  of  Mr.  Phillips,  Mr,  Bond,  or  Dr.  Halley. 

Since  Whifton's  time,  thofe  who  attempted  the  magnetic  theorits  are  : 
the  celebrated  Euler,  who,  as  all  otl-.ers  have  hitherto  done,  fuppofes 
that  the  magnetic  poles  move  ;  Mr.  Lorimer,  Mr.  Churchman,  Mr. 
Walker,  &c. ;  but  of  all  thefe,  Mr.  Churchman  is  the  only  perfotr  that 
determines  their  revolution,  which  he  ftates  to  be,  the  northernmoft  in 
1096  years,  and  the  fouthernmolt  in  azSg  years. 

I  fliall  forward,  for  a  future  number  of  the  Philofophical  Magazine,  a 
more  full  account  of  the  theories  that  have  hitherto  prevailed,  in  which  I 
fliall  entcrmore  fully,  than  my  prcfent  limits  will  allow,  into  the  truth  of 
my  new  theory,  and  of  the  method  by  which  I  have  been  enabled  to  prove 
the  fallacy  of  the  former.  In  the  mean  time  any  perfon,  even  by  roughly 
perufing  the  obfervation  of  latitudes,  longitudes,  and  dips,  made  on  the 
north-weft  coaft  of  America,  and  comparing  them  with  that  at  London,  and 
alfo  w  ith  thofe  made  off  the  eal\  coaft  of  South  America  and  in  the  Chi- 
nefe  feas,  will  foon  be  enabled  to  afcertainj  fufficiently  near  for  the  purpofc 
of  remaining  fatisficd,  that  the  fituation  of  the  magnetic  poles  is  as  de- 
fcribed :  my  determinations  are,  however,  drawn  from  a  multitude  of  cal- 
culations, and  the  rel'ult  compared  with  all  the  magnetic  dips  and  varia- 
tions (taken  in  all  the  different  places  on  (hore)  I  could  procure. 

'*  I  account  for  the  change  of  the  magnetic  variation  by  sr'ightal mag- 
netic meiic/ians  and  a  magnetic  annulus,     N# 

ing 
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ing  and  confequenl  inveftigation  I  went  through,  would  be 
unneccflary  here.  The  refult,  which  I  have  long  fince  ex- 
plained to  many  individuals,  I  now,  in  as  brief  a  manner  as 
the  I'ubjedl  will  admit  of,  lay  before  the  public,  not  doubting 
that  an  obje6t,  which  a6lually  tends  to  the  enlargement  and 
perfedlion  of  fcience,  and,  in  my  opinion,  to  the  benefit  of 
navigation,  will  iind  favourable  reception,  inveftigation,  and 
-experiment. 

Method  of  difcovering  the  Longitude,  the  Magnetic  Inclina- 
tion and  Latitude  of  the  Ship  being  given : 

Problem  the  Firft,  being  the  Theory. 

To  determine  the  Latitude  and  Longitude  of  the  Magnetic 
Poles,  and,  in  confequence,  for  the  purpofe  of  difcovering 
the  Longitude,  to  afcertain  a  Firjl  Meridian. 

Let  N  (Plate  VHI.)  reprefent  the  north  pole  of  the  earth, 
M  the  magnetic  north  pole,  S  Smeerenberg  harbour  in  Spitf- 
bergen,  and  L  London :  alio,  let  arches  of  great  circles  be 
drawn  from  London  to  the  north  magnetic  pole,  to  the  north 
pole  of  the  earth,  and  to  Smeerenberg,  and  alfo  from  Smeer- 
enberg to  the  norch  magnetic  pole.  There  will  thusbeconie 
formed  three  fphcrical  triangles,  which  are  refolved  as  fol- 
lows : — 

lit.  In  the  triangle  NLS  are  given  the  lidcs  NL  and 
NS,  beino;  the  co-laiitudes  of  London  and  Smeerenbcrsf,  and 
the  included  angle  L  N  S  being  their  difference  of  longitude, 
to  determine  the  angle  of  pofition  NLS  and  the  third  fide  LS. 

2d,  In  the  triangle  LSM  are  given  the  three  fides  LS, 
(jult  found)  LM  and  SxM  (LM  and  SM  being  the  magnetic 
polar  diltances  correfponding  to  the  correal  dips  at  London 
and  Smeerenberg),  to  determine  the  angle  MLS,  froui 
wliich  rubtra6ling  the  angle  NLS  lately  found,  there  rc- 
luains  the  angle  of  pofition  N  LM. 

Laftly,  In  the  triangle  MLN  are  now  given  the  fides 
LM  and  LN,  and  the  included  angle  MLN,  to  find  the 
angle  LNM,  the  longitude  of  the  north  magnetic  pole  (and 
the  meridian  of  the  earih  pafling  through  the  magnetic  poles 

and 
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and  poles  of  the  earth,)  from  the  meridian  of  London,  jmd 
the  fide  M  N  the  diftance  of  the  magnetic  pole  from  the  pole 
of  the  earth. 

The  place  of  the  magnetic  poles  being  thus  obtained,  the 
qneilion  next  divides  itfelf  into  two  points  of  view,  namely, 
Whether  the  magnetic  poles  or  points  thus  determined  are 
ftationary  or  otherwife  ?  the  fylution  of  which  depends  on 
obfervation  and  philofophic  inference.  From  obfervation  it 
is  remarked,  in  page  121  of  the  late  Lord  Mulgrave's  Account 
of  his  Voyage  towards  the  North  Pole,  that — 

*'  There  is  no  reafon  at  prefcnt  to  fuppofe  that  the  dip  is 
liable  to  any  variation  in  the  fame  place  at  difterent  periods 
of  time.  It  having  been  obferved  at  London  by  Normau, 
who  firll  difcovered  it  in  1592,  to  be  71°. 50',  and  by  Mr. 
Nairne,  in  1772,  about  72°:  the  difference  between  thefc  ob- 
fervations,  taken  at  fuch  diftant  periods  of  time,  is  fmallcr 
than  that  found  between  fcveral  of  Mr.  Nairne's  obfervations 
compared  with  each  other ;  and  therefore  we  have  no  reafon 
to  conclude  that  the  dip  has  altered  fince  Norman's  time. 
The  care  with  which  bis  inftrument  was  conflrufted,  and 
his  obfervations  made,  leave  us  no  room  to  doubt  of  their 
accuracy." 

Again,  Mr.  Cavallo,  in  his  Trcatife  on  Magnelifm,  p.  6^, 
remarks,  (fpeaking  of  the  dip,)  '*  Its  alteration  in  the  fame 
place  at  different  times  is  very  fmall ;  thus  in  London,  about 
the  year  15761  the  north  pole  of  the  dipping  needle  flood  71.50 
below  the  horizon,  and  in  the  year  1775  it  ftood  at  72.03 :  the 
alteration  of  the  inclination  in  fo  many  years  amounting  to 
lefs  than  a  quarter  of  a  degree,  which  may  be  attributed  to 
the  error  of  the  inftruments,  (ince,  as  will  appear  in  the  fe- 
quel,  thofe  inftruments  are  far  from  having  attained  to  any 
degree  of  perfeftion  even  in  the  prefcnt  age." 

Now,  from  philofophic  inference  it  will  naturally  follow, 
that  if  the  inclination  of  the  magnetic  needle  at  difterent  pe- 
riods of  time  at  any  one  place  remain  conllant,  the  magnetic 
poles  are  ftationary ;  and  if  the  magnetic  poles  are  ftationary, 
(as  appears  clearly  evident  from  above,)  the  meridian  thus  dif- 
covered is  the  Firjl  (or  only)  ISLriduni  from  which  the  Ion- 
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g'ltude  ought  to  be  counted  3  I  have  always  ufed  it  as  fuch, 
and  obtained  tlie  moft  fatlsfa6lory  rel'ults. 

Problem  the  Second,  being  the  Practice. 
To  determine  the  Longitude  nnivcrj'ally. 

Here  are  always  given  the  fnip's  polar  di (lance,  the  mag-« 
netic  polar  diitance,  and  the  magnetic  co-latitude,  bein<t 
three  fides  of  a  fpherical  triangle,  to  determine  the  angfle  at 
the  polo  of  the  earth  oppofite  the  magnetic  co-latitude,  being 
at  all  times  and  places  the  longitude  of  the  fhip  caft  or  weft 
(as  the  cafe  mav  be)  from  the  meridian  aforefaid. 

N.  B.  The  magnetic  co-latitude  is  the  diftance  of  the  fliip 
from  the  nearcll  magnetic  pole;  the  fhip's  polar  diftance  is 
the  diftance  of  the  (hip  from  the  pole  of  the  earth  next  ad- 
joining the  faid  magnetic  pole ;  the  polar  diftance  is  the  dif- 
tance between  either  magnetic  pole  and  the  pole  of  the  earth 
neareft  thereto :  moreover,  the  longitude  thus  obtained  can 
never  exceed  180.  It  mav,  however,  be  eafily  reduced  as  to 
that  eftimated  from  any  afliimed  firft  meridian.  Likewife  the 
point  M,  thus  aftimned  as  the  magnetic  pole,  may,  to  prevent 
jjerplcxity,  be  better  underftood  as  being  that  point  on  the 
furface  of  the  globe  at  which  the  dipping  needle  ftands  at 
right  angles  to  the  plane  of  the  horizon,  without  regarding 
whether  the  magnetic  poles  thcmfelves  are  under,  at,  or  above 
the  furface  of  the  earth. 

The  method  of  obtaining  and  eftablifliing  (from  obfcrvation 
alone)  certain  data  for  inveftigating  or  corroborating  perfeft 
tables  of  magnetic  latitude  and  co-latitude<  appears  (from  the 
J-jreccding  theorv)  obvious,  being,  by  carefully  making  diflerent 
dips  of  the  magnetic  needle  along  the  meridian  aforefaid,  and 
carefully  obferving;  the  refpeftive  latitudes  at  which  thofc  dips 
are  taken,  and  for  greater  certainty  (if  thought  needful)  con- 
tinuing them,  as  far  as  poffible,  into  both  hemifpl^.eres;  though 
it  will  alfo  be  perceived  they  may  be  inveftigated  by  obferving 
different  dips,  along  any  other  great  circle,  pafiing  through 
the  magnetic  poles,  or  having  determined  the  prccifc  latitude 
and  lonsritude  of  the  magnetic  poles.  Correct  tables  may  alfo 
be  deduced  from  correitdips  at  various  places;  hov^^ever,  th« 
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iirfl:  method  is  not  only  the  mod  eafy,  but  on  many  account* 
the  moft  preferable ;  and  for  this  purpofe  the  correft  dips  ef 
the  magnetic  needle,  taken  at  the  following  places,  (regard 
alfo  being  had  to  determine  their  correft  latitudes  and  lon- 
gitudes, particularly  the  former,  except  near  the  magnetic 
poles,  where  it  is  neceflary  to  correctly  determine  both,)  will 
be  found  fafficient,  namely,  at  the  Falkland  Iflands,  Buenos 
Ayres,  Oroonoque,  Trinidad,  Barbadoes,  Saint  Luke,  Mar- 
tinique, Guadaloupe,  Antigua,  Saint  Martin's,  Bermudas,  the 
Atlantic  Ocean,  in  or  near  the  fame  longitude  up  to  and  near 
tlie  Ifle  of  Sables,  at  the  Ifland  of  Cape  Breton,  the  fouth 
fide  of  the  river  Saint  Lawrence  in  the  longitude  aforcfaid  ; 
then  going  round  to  the  north-eafl  (hore  of  the  Labrador 
Coaft,  and  obferving  thereon  at  Davis's  Inlet,  and  fo  on  up 
to  the  northward  under  tlie  meridian  aforcfaid,  up  to  and 
into  Baffin's  Bay,  and  there  carefully  determining  the  lati- 
tude and  longitude  of  the  north  magnetic  pole  ;  or  iirfl  going 
into  Baffin's  Bay,  and  afterwards  proceeding  to  the  fouth- 
ward. 

Next,  by  carefully  obferving  the  magnetic  inclination  along 
the  oppolite  meridian  in  Ruffia,  China,  the  Chincfe  Seas, 
Indian  Ocean,  &c. ;  as  at  the  mouth  of  the  Leno,  at  OUkf- 
n)infkoi,  at  Nutfchink  or  Albazin,  at  Pekin,  Nankin,  Nim- 
po,  Formofa,  the  Philippine  Ifles,  Gindano,  Celebes,  Flores, 
the  north  and  fouth  fide  of  New  Holland,  and  {o  continuing 
to  obferve  along  the  Indian  Ocean,  in  or  near  the  meridian 
aforcfaid,  up  towards  the  fouth  pole  of  the  earth,  until  the 
place  of  the  fouth  magnetic  pole  be  carefully  determined, 
i.  e.  whatever  poie  may  be  in^i  convenient  to  determine. 
The  number  of  places  herein  fet  forth  are  mentioned  in  order 
that  navigators  and  others,  as  opportunity  may  offer,  may 
knaw  where  and  how  to  make  the  advantasjeous  obfcrvations 
herein  alluded  to. 

It  may  alfo  be  proper  to  add,  that  hitherto  the  places  of 
the  mairnctic  poles  have  always  been  attempted  to  be  found 
bv  means  of  the  magnetic  variation ;  a  method  whereby  the 
jnoft  able  mathematicians  liave  been  continually  led  aftray, 
for,  as  the  magnetic  variation  is  continually  changing,  thcic 
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conclufions  were  rendered  as  uncertain  as  the  variation  itCelf, 
of  which  (it  had  fo  happened  from  the  method  thev  purfued) 
they  knew  little  more  than  that  it  did  change.  Had  the 
prefent  theory  occurred  to  them,  it  would  have  received 
chearful  and  favourable  countenance  and  encouraa'cnient, 
and  it  and  its  utility  been  foon  and  efFeftually  cdablifbed. 
Had  the  indefatigable  and  famous  Dr.  Halley  in  parti- 
cular known  thereof  when  he  undertook  two  voyages  (long 
after  the  inclination  of  the  magnetic  needle  was  dilbo- 
vered,  namely,  in  1698  and  1699)  for  the  exprcfs  purpofe 
of  endeavouring  to  form  a  magnetic  theor)-  by  means  of  a 
multitude  of  obfervations  of  the  magnetic  variation,  as  a  pre- 
paratory^ ftcp,  and  in  order  to  determine  the  longitude  there- 
by, or,  as  his  inftru6lions  run,  "  to  feek,  by  obfervation,  the 
rule  of  the  variation  of  the  compafs  ;"  the  obfervations  of 
magnetic  dip  here  recommended,  and  which  he  would  have 
made  at  Icafl:  along  the  weftern  line  before  pointed  out,  toge- 
ther with  the  obfervations  of  the  variation  of  the  compafs, 
which  he  did  obfen'e,  in  all  likelihood,  if  made  with  inftru- 
ments  capable  of  affording  the  rcquifite  accuracy,  would  have 
foon  fuggefted,  to  his  penetrating  and  fruitful  genius,  the 
gorreft  objc£t  of  his  refearch. 

It  may  be  farther  proper  to  remark,  that  the  obfervations 
of  the  magnetic  inclination  herein  flated,  and  made  at  Lon- 
don, do  of  themfelves  alone  eftablifh  another  important 
conclufion,  likewife  quite  different  from  the  general  opinion 
of  the  Learned,  which  fuppofes  that  the  magnetic  variation 
affects  (i.  e.  increafes  or  diminifhes)  the  magnetic  inclina- 
tion ;  for,  from  the  time  in  which  the  magnetic  inclination 
was  firft  obferved  at  London  to  the  prefent  time,  the  varia- 
tion has  (hifted  upwards  of  36^  without  affecting  the  inclin- 
ation ;  and  therefore,  after  knowing  the  refult  of  fo  very  iTcat 
a  change  in  the  magnetic  variation  without  having  affc<5led 
the  inclination,  there  can  be  no  reafon  to  conclude  that  it 
can  in  anv  reipeA  be  affefted  thereby  :  a  circumftance  that 
renders  the  theory  here  pqintcd  out  ftill  more  fimple  and 
beautiful. 

Thus,  by  new  and  interefting  application  and  teftimony 
of  unerring  fcience,  pfadical- obfervation,  and  fair  conclufion, 
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I  have,  I  flatter  myfelf,  cleared  the  magnetic  theory  of  the 
abftrufe  and  embarraffing  confidcrations  which  have  hitherto 
bewildered  it,  and  thereby  laid  the  foundation  of  a  moft 
tiraple,  general,  and  ufeful  method  of  determining  a  fliip's 
correal  place  at  fea,  without  any  regard  to  the  fun,  moon,  or 
ftars,  to  good  or  bad  weather,  to  the  time  of  the  day,  the  day 
itfelf,  months,  years,  feafons,  or  centuries,  except  fo  far  as 
may  be  faid  to  regard  the  magnetic  inclination,  which  mufl 
always  be  known  from  obfervationj  as  alfo  the  latitude  of 
the  (hip,  vv^hich  mufl  likewife  be  known,  either  from  obfervt 
«ition,  or  dead  reckoning. 

I  would  not  have  it  undcrftood,  however,  that  I  mean  to 
decry  the  ufe  of  lunar  obfervations  or  chronometers.  Far 
otherwife:  I  have  devoted  great  application  to  the  ftudy  of  the 
lunar  (and  other)  aftronoixjy;  and  herein  I  am  happy  to  add, 
I  have  fucceeded  to  an  accuracy  and  concifenefs  of  equa- 
tions and  calculations  far  furpafling  Mr.  Mayer's,  or  any 
lunar  tables  yet  offered  to  the  public.  But  herein,  nolwith- 
ilandiAg  the  high  eftcem  and  veneration  in  which  the  great 
genius  and  labours  of  Eulep,  and  the  merits  of  Mr,  Mayer 
muft  ever  be  held  by  men  of  fcience,  I  found  it  neccfTary  to 
reject,  for  reafons  which  I  fliall  hereafter  tranfmit  for  infer- 
tion  in  the  Philofophical  Magazine,  the  fuppofition  that  the 
motion  of  the  fun  or  earth,  according  to  Mr.  Eulcr,  and  of 
the  moon  according  to  Mr.  Mayer,  are  different  now  to  what 
they  formerly  were,  I  am  alfo  the  original  inventor,  and  for 
which  I  have,  for  upwards  of  feven  years,  had  a  patent,  of  a 
double  fextant  for  making  lunar  obfervations  to  the  right  and 
left.  I  have  alfo  invented  a  metal  quadrant,  by  which,  with 
fore-adjuftnjcnts  and  obfervation,  the  diflance  of  the  moon 
can  be  meafured  from  the  fun  or  other  objeet,  from  one 
Umit  or  extreme  point  of  the  horizon  to  the  other. 

From  the  multitude  of  lunar  places  which  f  have  calcu- 
lated from  Diy  tablets,  I  am  perfuaded  they  are  fuch  as  (hal| 
not,  even  at  the  equator,  produce  a  mean  error  of  five,  nor 
ari  extreme  error  of  fifteen  miles  in  longitude.  The  firfl  of 
the  inftrumcnts  here  fpoken  of  (a  double  fextant)  meafures 
with  convenience,  without  inverting  the  inilrument,  the 
fimple  limits  of  a  fextant  on  either  fide  the  fun  or  a  fixed  ftar: 
9  to. 
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to  the  other  there  can  be  no  limits,  for  it  meafurcs  180  de- 
grees on  either  fide.  Not  futisfied  with  doing  thus  much,  in 
order  to  avoid  the  inconvenience,  trouble,  and  inaccuracy 
^rifing  from  the  ufe  of  large  volumes  of  charts  of  fpherical 
triangles,  and  of  tables  for  reducing  obfcrved  lunar  diftances 
to  true,  I  contrived  an  infirument,  for  whic'a,  as  well  as  fe- 
veral  fuperior  furveying  and  other  inftruments,  I  have  alfo 
got  a  patent.  This  inftrument,  which  I  have  denominated 
a  fuit  of  circles  of  calculation,  performs  this  operation  with 
tafe,  accuracy,  and  expedition.  It  alfo  determines  the  true 
latitude,  without  knowing  the  latitude  by  account,  either  by 
double  altitudes  and  the  time  between,  by  double  altitudes 
and  the  difference  of  magnetic  azimuths,  (which  my  in-. 
ftruments  will  correiSlly  give,)  or  by  limply  having  the  alti-r 
tude  of  two  known  fixed  ftars.  It  determines  the  time  of  the 
day,  8cc.  &:c.  In  a  word,  it  refoives  all  manner  of  fpherical 
triangles  or  fpherical  trapezia,  &c.  The  refolution  of  the 
few  of  thefe  that  conltitutc  the  effentials  of  nautical  aftro- 
nomy  and  geography,  becomes  by  this  means  obvious,  eafy, 
and  pleafant;  whereas  the  under ftanding,  or  even  the  appear- 
ance of  the  previous  burthen  of  requilites,  creates,  as  is  well 
known,  a  great  if  not  infuperable  obftacle  to  the  generality 
of  othcrwife  well-informed  feamcn. 

Having  thus,  I  truft,  explained  my  regard  and  efleem  for 
the  lunar  obfervations  and  chronometers,  all  I  would  have 
underflood  of  the  method  of  difcovering  the  longitude  by  the 
dip  is,  that  it  is  eafily  underitood  by  the  molt  ordmary  capa- 
city; that  to  others,  in  every  inflance,  it  becomes  an  auxi- 
liary or  corroborating  proof,  and,  in  the  ti:ne  of  greateft  ne- 
ccffity  and  peril,  a  moft  eftimable  fubftitute ;  not  requiring, 
in  this  cafe,  any  calculation  whatever.  Thus,  from  the  pre- 
ceding theory,  the  dip  in  all  places  remaining  the  fame, 
the  navigator,  being  perhaps  feveral  days  without  feeing  fun, 
moon,  or  ftars,  fo  as  to  make  any  ufe  of  either  towards  de- 
termining his  longitude,  has  this  benefit  left  him,  that  he 
can,  at  any  moment  of  the  dav,  in  which  the  extremity  of 
the  horizon  can  he  feen,  determine  his  corre6l  dip,  and 
therefore  his  vicinity  towards  the  laoJ  he  vvifties  to  make  or 
avoid  3  where  othcrwife  he  might  eilhef  be  cait  away,  or, under 
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the  fuppofition  that  he  was  near  thereto,  keep  either  lyi:ig-to, 
or  ftraining  hi^  fliip  in  endeavouring  to  get  no  farther  to  lee- 
ward, when  at  the  fame  ti'.rje  he  might  be  an  hundred  miles 
or  more  from  fliore,  and  fo  lofe  the  very  wind  he  wanted  j 
after  which,  fliould  contrary  winds  alVail  him.  the  injury  aWb 
bc-conR'S  obvious. 

To  clear  apparent  or  ohjerved  Lunar  Dijlanccs  from  the  E^'ecls 
cf  Rtfratiio7i  and  Parallax  hj  the  Suit  of  the  Circles. 

Set  the  vernier  on  the  firll  meridian,  carrying  the  circle  or 
fcmicircle  of  pofition  to  the  apparent  altitude  of  the  fun's 
centre,  or  that  of  the  Rar ;  the  vernier  on  the  moveable  meri- 
dian to  the  apparent  altitude  of  the  moon's  centre;  and  the 
vernier  on  Uie  circle  or  femicirele  of  pofition  to  the  ajiparent 
tJiilance  of  the  fun  and  mooii's  centres,  or  of  the  centre  of 
\hc  moon  and  fixed  ftar.  Let  thefe  form  afpherical  triangle; 
fo  i]:rall  the  number  of  degrees,  minutes,  and  feconds  on  the 
equator,  comprehended  between  the  firft  and  moveable  mc- 
ridian^  fliew  the  angle  (or  difference  of  azimuths)  at  the  ver- 
te:c,  which  angle  is  common  to  the  apparent  and  true  tri- 
angle. Keeping  faft,  therefore,  the  faid  meridians  by  means 
of  the  equator,  fet  the  vernier  on  the  firft  meridian  to  the  true 
altitude  of  the  fun  or  ftar's  centre,  and  the  vernier  on  the 
moveable  meridian  to  the  true  altitude  of  the  moon's  centre; 
then  fee  wliat  number  of  degrees,  minutes,  and  feconds  of 
the  circle  or  femicirele  of  pofition  or  diftance  are  contained 
between  them,  for  that  is  the  true  diflance. 

Porffmoiilh,  Dec.  13,  1 795. 

We  certify,  that,  in  our  opinion,  a  compafs  and  fextant 

invented  by  ISIr.  Nugent  merit  an  expeditious  and  accurate 


invefligation  and  trial 


(Signed)         T.  Packenham,  Le  Jujle. 

J.  Crauxston,  BcUerophon. 
E.  GowER,  Triuviph. 
W,  Domett,  Ttojal  George. 
R.  BowENj  Terpjtchore. 

The  {<)regoing  certificate  was  given  to  me,  unfolicited,  for 
the  purpofe  of  being  tranumttcd  to  i\\t  Lords  ConimifBoiK-rs 

of 


ayid  a  ^Isihod  of  Ji/:yvcring  the  LongUudc.  3<>l 

vF  the  Admiralty,  in  order  lo  procure  their  Lordfliips  order 
to  have  the  merits  and  efricacy  of  my  invcntion5  aiul  inltru- 
uients  officially  examined  into  and  reported  upcni.  As  to  tlie 
inllruments,  they  were  on  the  fame  day  applied  for,  through 
Commiffioner  Marfli,  to  tlie  Navy  OPncCj  by  the  above  gen- 
tlemen. 

The  moft  fpeedy  and  Icafl  expenfive  mdhod  of  afcertainlng 
the  precife  fituation  of  the  north  magnetic  pole,  the  fouthera 
being  oppofite  thereto,  appears  to  be,  by  eng^iging  one  of  ih^. 
Davis's  Strait  whalers  to  proceed  into  BafTin's  Bay,  with  .1 
proper  perfon  duly  qualified,  to  make  the  neceflary  aftroao- 
mical  and  magnetic  obfervations  ;  or  rather,  by  difpatching 
for  this  purpofc  a  frigate  or  other  veflel  in  the  king's  fervice 
employed  on  the  Newfoundland  ftation.  Pity  it  was,  indeed, 
tiiat  the  Board  of  Longitude  had  not  known  of  this  method^ 
and  of  the  reafons  tliat  render  all  navigation  into  the  South 
Sea,  by  any  pafiage  to  tljc  eaftward  of  Greenland,  tol'-.Uy  im- 
pra£licable.  The  Hon.  Captain  Phipps's  deftination  would 
in  that  cafe  have  been  to  proceed  into  Baffin's  Bay,  where, 
had  he  alfo  pofleffi.'d  the  angular  and  magnetic  indruments 
herein  alluded  to,  he  would  have  afiuredly  afcertaincd  one 
great  objeft  of  his  voyage,  namely,  tl>e  determining  the  fal- 
lacy or  utility  of  all  previous  theories,  and  bringing  them  to 
the  teft  of  experiment ;  a  teft  which  would  have  caufed  tiie 
whole  to  have  vanifhed,  and  none  other  would  have  remained 
but  that  I  have  already  pointed  out.  Nor  do  I  entertain 
much  doubt  that,  by  attending  to  circumftances,  which 
might  eafily  be  pointed  out,  Captain  Phipps  v/ould  have  alfo 
accompliOied  a  paflage  into  the  South  Sea. 

The  principles  of  the  whole  of  my  nautical  magnetic  m- 
ftriiments  (except  a  variation  frame  fur  converting  all  fieering 
into  variation  compafles)  is  the  application  of  a  quadrant, 
fextant,  or  double  fextant,  (litted  for  this  purpofe,)  to  the  ver- 
tical magnetic  axis  of  the  horizontal  needle  for  determining 
the  variation,  and  to  the  lateral  magnetic  inclinatory  axis  of 
the  dipping  needle  for  determining  the  dip.  Thefe  needles 
are  alfo  differently  fufpended  from  others  :  the  dipping  nee- 
dle, for  example,  is  always  at  liberty  to  refort  to,  and  remain 
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at  reft  in,  the  common  interfeftion  of  the  hnes  of  the  magnetic 
meridian  or  variation  and  dip;  nor  can  any  alteration  of  di- 
reilioa  or  motion  of  the  fliip  afFe6l  a  dipping  needle  thus 
fufpended. 

In  confequence  of  this  fimple  contrivance,  the  motion  or 
gyration  of  the  graduated  circles  for  either  dip  or  variation  on 
account  of  the  motion  of  the  fhip,  becomes  totally  avoided; 
for,  on  or  In  thefe  magnetic  inftruments  there  are  no  divi- 
fions  whatever :  the  Inftruments  themfelves  can  be  afforded 
for  half  the  price  of  others ;  the  navigator  makes  hi'?  obferv- 
ations  like  a  man  of  fcienee ;  and  finally,  he  determines  with 
expedition,  eafe,  and  certainty,  the  magnetic  dip  and  Varia- 
tion, to  degrees,  minutes,  and  fccond?,  i.  e.  to  the  like  ac- 
curacy that  he  can  diftinguifh  or  read  the  fubdivinons  fliewn 
by  the  vernier  on  the  arch  of  his  fextant :  a  circumftance  ut- 
terly impofllble  to  be  obtained  even  to  whole  degrees,  it  might 
be  faid  to  half  a  dozen  degrees,  by  any  other  conftrudted  in- 
ftruments, as  fias  been  herein  before  fufficiently  verified. 


XII.  Defcriptiojt  of  a  Portable  Machine  for  loading  and  un- 
loading Goods.  By  Mr.  George  Davis,  of  IFzndfcr, 
Berks  *. 

X  HE  Ingenious  contriver  of  tills  machine  is  certain,  that, 
when  made  of  its  intended  fize,  it  will  be  capable  of  loading 
a  ton  weight  by  one  man  only,  and  will  be  fo  portable  as  not 
to  exceed  one  hundred  and  twelve  pounds  in  weight. 

Referc7ice  to  the  Figure  of  the  Machine.     (See  Plate  IX.) 

A,  the  winch,  which  turns  the  bar  B.  This  bar  has  on 
it  two  endlefs  fcrews  or  worms  C,  C,  which  work  in  the 
toothed  wheels  D,  D.  Thefe  wheels  are  fixed  to  the  barrels 
£,  E,  round  which  the  ropes  F,  F,  coil,  wind  up,  or  let  out 
the  fame  occafionally  ;  which  ropes,   pafling  over  the  two 

*  From  the  Tranfadiom  of  the  Eocietj  for  the  Encouragement  of  Arts, 
Manufacture ty  mrd  Commerce. 

A  premium  a*"  forty  guineas  was  given  toMr.  Davis  for  this  invention. 

pulleys 


Dtfoi'lptlon  of  a  Vinillaior,  Sec.  393 

pulleys  G,  G,  arc  brought  round,  and  their  ends,  having 
hooks  for  that  purpofe,  arc  hitched  into  ftaples  fixed  to  the 
front  of  the  cart  or  other  carriage :  within  thefe  ropes  the 
load  H  is  placed  on  a  common  pulley  I,  which  forms  an  in- 
clined plane,  up  which,  by  the  turning  of  the  winch,  the 
ropes  are  wound  upon  the  barrels,  and  the  load  raifed  into 
the  carriage. 

K  K,  the  frame,  intended  to  reprcfcnt  the  part  of  the  cart, 
or  other  carriage,  on  which  the  machine  is  occafionally  to 
be  placed. 

The  whole  of  the  barrels  and  cogged  wheels  are  contained 
in  an  iron  box  L,  the  fides  of  which  arc  reprefentcd  in  the 
tigure  as  taken  olf,  tliat  the  conftruclion  of  the  fcvcral  parts 
may  be  Ihewn. 


Xlfl.    Dtfiri/ifion  of  a   cheap  and  efficacious  Ventilator  for 
pr.jlrving  Cum  on  Ship- board.     By  Thomas  South, 


T 


HE  importation  of  grain  is  a  precarious  traffic.  The 
ptoduce  of  diftant  countries,  or  even  of  thofc  near  home, 
when  long  in  coUctSting,  or  long  detained  on  lliip-board,  is 
tubjett  to  heat,  foon  becomes  fetid,  and  is  often  fo  far  fpoiled 
and  depreciated  in  its  value  as  to  fell  for  lefs  than  the  original 
cofl.  Hence  the  merchant,  overwhelmed  withloflcs,  regrets 
his  patriotifm,  grows  Ihy  of  importation,  and,  unlefs  invited 
by  a  certainty  of  gain,  drops  the  trade,  even  whilft  the  na- 
tion ftands  in  need  of  fupplies. 

The  remedy  here  propofed  is  a  fimple,  cheap,  and,  I  truft, 
efficacious  method  of  ventilating  p;rain  whilll  confined  on 
fliip-board;  fufficient,  I  prefume,  to  keep  it  fwcet  and  mar- 
ketable  after  fuftaining  a  tedious  voyage. 

Dcfcription  of  the  Ventilator,  luith  Hrfercnccs  fo  the  Figures 
thereof.     (See  Plate  VII.) 
Fig.  I.  is  a  cylindrical  air-vcfTel  or  forcing-pump,  of  lead, 

*  From  the  Letter i  and  Papers  of  the  Bath  a-.ci  l''yJ1.of-E>:^la}i(i Soe'itiy 
fo'  the  Enco'iriAgtmCH!  of  Apriculiure,  &c. 

Vol.  V,  3  E  tin, 
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tin,  or  other  cheap  metal ;  its  internal  diameter  being  ten 
inches,  and  its  length  three  feet;  having  a  crutch-handled 
pillon  to  work  with,  and  an  iron  nofle,  'u'lz.  a  hollow  in- 
verted cone,  two  feet  long,  to  condenfe  the  air,  and  increafe 
its  power  in  its  paflage  downwards.  This  cylinder  fliould  be 
riveted  or  fcrewed,  by  means  of  an  iron  collar  or  flraps,  to 
the  deck  it  paflcs  through,  both  above  and  below,  as  at  a  a; 
and  (liould  be  farther  fecured  by  fome  hold-faft  near  h,  to 
keep  it  llcady  in  working. 

Fig.  2.  is  a  bottom  qif  wood,  four  inches  and  a  half  thick, 
with  a  projefting  rim  at  its  bafe,  for  the  metal  cylinder  to 
reft  on,  when  cemented  and  fcrewed  to  the  wood.  The  centre 
of  this  bottom  is  excavated,  for  the  reception  of  the  crown 
of  the  nofle.  In  the  fame  figure  the  nofle  is  reprefented  with 
its  crown  like  a  bowl-difli,  to  condenfe  the  air  gradually, 
without  refiftance,  in  its  advance  to  the  more  contra6led  bafe 
of  the  inverted  cone,  i.e.  the  top  or  entrance  of  the  nofle. 
About  two-thirds  down  this  nofle  may  be  fixed  a  male  fcrew, 
as  cc,  for  the  purpofe  hereafter  mentioned. 

N.  B.  The  forcing-pump  fliould  be  cafed  in  wood,  to 
proteft  it  from  outvv'ard  bruifes,  which  would  prevent  the 
working  of  the  pifton,  and  ruin  its  eife6ls.  The  leather 
round  the  embolus  fliould  be  greafed  when  ufed. 

Fig.  3.  is  a  crutch-handle,  faftened  to  the  embolus  A  by 
its  iron  legs  B,  B.  A  is  a  cylinder  of  wood,  cafed  with  lea- 
ther, fo  as  to  fit  well,  but  glide  fmoothly  in  the  metal  cylin- 
der ;  having  an  opening  as  large  as  its  (trength  will  permit, 
for  the  free  accefs  of  atmofpheric  air.  C  is  a  valve,  well 
leathered  on  its  top,  and  yielding  downwards  to  the  prcfllire 
of  the  air  when  the  pifton  is  raifed  up.  D  is  a  crofs  bar  of 
iron,  to  confine  the  valve,  fo  that  it  may  clofe  inftantly  on 
the  return  of  the  pifton  downwards. 

Fig.  4.  is  a  tin  pipe  or  tube,  of  lefs  than  four  inches  dia- 
meter, and  of  fuch  length  as,  when  fixed  to  the  bafe  of  the 
cylinder.  Fig.  i,  fliall  admit  the  nofle  d,  Fig.  2,  to  within 
half  an  inch  of  the  valve  E,  at  the  bottom  of  the  wooden 
cylinder  F,  in  Fig.  4;  which  valve  E  will  then  yield  to  the 
prefllire  of  air  condenfed  in  its  paflage  through  the  nofle, 
and  deliver  it  into  the  pipes  below.     This  valve  muft  be  well 

leathered 
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leathered  on  its  upper  furfacc,  and  faftened  with  an  hinge  of 
leather  to  the  cylinder  it  is  meant  to  clofe :  affixed  to  its  bot- 
tom is  the  fpindle  G,  paffing  through  a  fpiral  fpring  H,  which, 
being  comprefled  on  the  defcent  of  the  valve,  will,  by  its  ela- 
fticity,  caufe  it  to  rife  again,  clofe  the  aperture  above,  and 
retain  the  air  delivered  beneath  it.  On  connedling  this  cy- 
linder with  the  upper  ejid  of  the  nofle,  at  ee.  Fig.  2,  we  mud 
carefully  prevent  any  lapfe  of  air  that  way,  by  a  bandage  of 
oakum  fnieared  with  wax,  on  which  to  fcrew  the  cylinder, 
like  the  joints  of  a  flute,  air-tight.  I  is  a  bar  of  iron,  having 
a  rifing  in  its  centre,  wide  enough  for  the  fpindle  to  play 
through,  but  at  the  fame  time  fufficiently  contra<£led  to  pre- 
vent the  paflage  of  the  fpiral  fpring. 

Fig.  5.  is  an  aflemblage  of  tin  pipes,  of  any  lengths,  fliaped 
fuitably  and  conveniently  to  their  fituation  in  the  fhip,  to  the 
form  of  which,  when  fhut  into  one  another,  they  muft  be 
adapted  ;  obferving  only,  that  the  neck  be  ftraight  for  a 
length  fufficient  to  admit  the  lower  end  of  the  cylinder. 
Fig.  4.  as  I'igh  as  the  letter  F,  or  higher. 

Fig.  6.  To  thfe  middle  pipe,  which  runs  along  the  bottom, 
fhould  be  fixed  a  perpendicular  one,  fully  perforated,  to  con- 
vey the  air  more  readily  into  the  centre  of  the  heap ;  and  this 
may  have  a  conical  top,  as  reprefented  in  the  plate,  perforated 
with  a  fmaller  punch  to  prevent  the  air  from  efcaping  too 
haftily.  In  large  cargoes,  two  or  three  of  thefe  perpendiculars 
may  be  necelTary;  and  each  fliould  be  well  fecurcd  by  an  iron 
bar  g,  fcrewcd  down,  to  prevent  their  being  injured  by  the 
fhiftingof  the  cargo  in  ftormy  weather  or  a  rolling  fca.  The 
top  of  the  conical  cap  of  thefe  pipes  may  reach  two-thirds 
up  the  cargo. 

Fig.  7.  is  a  valve  of  the  Amie  conftru6lion  as  that  repre- 
fented in  Fig.  4,  but  inclofed  in  a  tube  of  brafs,  having  a  fe- 
male fcrew  sX  ff,  adapted  to  the  male  fcrew  cc,  on  the  nofle 
Fig.  2,  and  iiiay  then  be  infertcd  into  the  head  of  the  pipe 
Fi,'^.  5.  Thii  will  add  to  the  expence;  but,  in  a  large  appa- 
ratus, is  to  be  preferred,  as  a  more  certain  fecurity  from  lapfe 
of  air,  than  the  junftion  of  the  tube  Fig.  4,  to  the  neck  ee 
in  Fig,  2. 

N.B.  ec\^  a  neck  of  wood,  making  a  part  of  the  bottom 
3  E  3  Fig.  3, 
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Fig.  1,  \vl)creon  to  fccure  the  tube  Fig.  4,  wlicn  applied  to 
tl}e  nofle.  The  joints,  of  the  pipes,  when  put  together  for 
life,  fliould  be  made  air-tight^  by  means  of  bees-wax  or  fonic 
ftronger  cement,  till  they  rencli  the  bottom  of  the  vefTel,  when 
there  16  no  farther  need  of  this  precaution.  The  horizontal 
pipes  fliould  run  by  the  fide  of  the  kelfon  the  whole  length 
of  the  hold,  I1ic  tin  plates  of  which  K  is  made,  fliould  be 
punched  in  holes,  like  the  rofe  of  a  waterino-.pot,  in  two  or 
three  lines  only  at  n^.oft,  and  then  formed  into  a  tube,  with 
t!;e  rough  fide  outwards,  L  may  have  four  or  five  lines  of 
the  like  perforations."  JNT,  and  the  refl,  fliould  gradually  in- 
creafc  in  their  number  as  they  advance  towards  the  middle  of 
the  Iijold,  and  continue  fully  perforated  to  the  laft  pipe,  which 
fliould  be  elofed  at  its  end  to  prevent  the  ingrcfs  of  the  corn. 
It  is  the  centre  of  the  cargo  which  mod  requires  ventilatinsr, 
vet  air  fliould  pervade  the  whole.  Like  the  trade-winds,  it 
will  direft  its  courfe  to  the  part  nioft  heated,  and,  having- 
CiTecled  its  fa'utary  purpofe  there,  will  difperfe  itfelf  to  refrefli 
tlie  mafs. 

Where  the  hatches  are  clofe-caulkcd,  to  prevent  the  influx 
of  water,  vent-holes  may  be  bored  in  convenient  parts  of  the 
deck,  to  be  bunged  up,  and  opened  occafionallv,  from  whence 
the  ftate  of  the  corn  may  be  known  by  the  edluvia  which 
afcend  when  the  ventilator  is  working. 

The  power  of  the  ventilator  is  determined  by  the  fquarc  of 
Us  diameter  multiplied  into  the  length  of  the  ftrokc,  and  that 
again  by  the  number  of  firokcs  in  any  given  time. 

To  find  the  area  of  a  circle,  and  the  folidity  of  a  cylinder 
raifed  on  that  circle,  Archimedes  gives  the  following  propor- 
tion:— 

A:s  I  is  to  ,7^5398  decimal  parts,  fo  is  the  fnuare  of  the 
diameter  to  the  area  of  the  circle. 

And,  as  r  is  to  .78^^398,  fo  is  the  fquarc  of  the  diameter, 
multiplied  by  the  height,  to  the  folidity  of  ihe  cvlinder. 

The  cubical  contcnls,  both  of  cylinders  and  tubes,  are 
found  in  the  fame  manner  :  their  diFfercnee  confifting  not 
in  fliape,  but  foliditv,  the  latter  being  hollow. 

Then,  to  find  the  contents  of  a  cvlindrical  vefiel  whofe  in- 
ternal diameter  is  ten  inches,  multiply  that  into  itfelf,  and 

the 


for  prefervhig  Corn  on  Ship-hoard.  397 

the  fquare  thus  obtained,  multiplied  by  .7854,  will  give  the 
contents  of  the  circle  in  cubic  inches;  which,  multiplied 
again  by  twenty-four  inches  ^or  lengths  of  the  ftrokc,  being 
the  proportion  of  the  barrel  filled  with  air,  gives  in  cubic 
inches  the  amount  of  each  difcharge  on  the  citfcent  of  the 
pifton.     As  thus  : 

Inches. 
Internal  diamttcr  of  the  pump  or  tubi;   1  o 

X    10 

==   1 00,  or  fquare  of  the  diameter; 
which,  multiplied  by    .7S54,  to  bring  the  contents  of  the  fquare 

to  the  contents  of  the  circle. 

Which,   multiplied   by  the")        78,5400  Contents  of  the  area  of  the  circle. 
Iti3gih  0:  the  ltrois.e,  j"  24  inches,    produces    18S4    cubic 

inches. 

3 141600 
1570800 


1S849600 
\vl\ich,  divided  by  23  i)  1884.9600(8.1600  gallons, which  is-yn^ths 

v'lx.  the  number  of  cubic  inches    more  than  S  gallnns  at  i 

in  a  wine  gallon,  quotes  8  galls,  369  ftroke;  allow  thefe  deci- 

mals  for  wafte  of  air  in 

13&6  eachllrokc;and6ofrroke? 

to  be  made  in  a  minute* 

Then     ----_-     S  gallons  difcharged  at  a  ftroke, 

multiplied  by     60  the  number  of  ftrokes 

amounts  to     4S0  gallons  per  minute  ; 
which  m.ultiplied  by     -      -     60,  the  minutes  in  ar.  l;our,  produces  2S3oo 

gallons  in  that  time{ 


?.nd  that,  divided  by  25i)28;;oo(i  14.3  tons. 

(the  number  of  

gallons      in     a  .360 

ton,  both  wine  ■ 


and   iliip  men-  1080 

rure)c]'JOtes  i  14  i 

tons  in  an  lunir,  ••72'' 


Then,  fuppofe  the  area  of  the  hold  of  a  flilp  to  be  =  1 20 
tons,  and,  when  freighted,  the  intcrftices  bctw  cen  the  grains, 
together  with  the  area  between  the  furface  of  the  corn  and 

the 
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tho^  under^de  of  the  deck  =  5  tons  =  to  the  quantity  of  me- 
phitic  air  confiried  ;  fuch  being  the  lighteft  fluid,  the  major 
part  of  it  would,  foon  after  the  commencement  of  the  ope- 
ration, be  forced,  by  the  ?tmofpheric  air,  to  vent  itfelf  at  the 
holes  provided  for  that  purpofe ;  and  the  remainder  of  the 
hour  being  employed  in  the  like  ventilation,  five  tons  of  frcfh 
air  would  pafs  above  twenty  times  repeatedly  amidfl:  the 
grains,  to  cool,  refrefl),  and  fwecten  the  cargo.  A  purifica- 
tion thus  adminiftered  once  in  eiglit-and-forty  hours,  would, 
I  conceive,  be  amply  fufficient  to  preferve  the  corn  from  taint 
or  injury,  be  the  voyage  ever  fo  tedious  j  and  unlefs  it  fhould 
by  nccrle6l  have  overheated  and  grown  together,  or  fettled 
too  clofe,  the  labour  would  be  that  of  a  boy  only ;  for  the 
dairy-girl  at  her  churn  works  harder  than  he  othervvife  need 
to  do  at  this. 

My  air-veffel  is,  for  the  fake  of  cheapnefs,  confined  to  the 
narrow  diameter  of  ten  inches  ;  but,  as  the  contents  of  circles 
are  proportionate  to  the  fquare  of  their  diameters,  by  enlarcr- 
ing  that,  you  increafe  their  power  accordingly;  wherefore, 
by  extending  the  diameter  to  fourteen  inches,  the  contents 
will  be  nearly  doubled ;  and,  by  adding  ten  inches  more  fo 
the  length  of  the  ftroke,  you  almoft  treble  the  difcharge  of 
No.  I,  and  obtain  a  power  capable  of  ventilating  a  cargo  of 
400  tons  within  the  hour.  But  the  air-veifel  mufl  be  length- 
ened ;  the  pipes  at  the  fame  time  enlarged ;  the  metal  of 
which  the  whole  is  conftrufted  be  in  fubftancc  proportion- 
able :  and  the  labour  be  that  of  a  man,  or  perhaps  two  upon 
occafion. 

A  ventilator,  on  the  plan  and  dimcnfions  here  propofcd, 
would  conie  within  the  compafs,  I  fliould  think,  of  five  or 
fix  guineas.  One  on  the  larger  fcale,.  caufed  by  the  increafed 
fubdance  of  the  metal,  and  the  extra  fize  and  length  of  the 
pipes,  might  amount  to  twenty;  which,  in  either,  is  under 
fourpence  per  quarter  on  the  firfl:  ca  go;  and  as  they  will 
lad  many  years  if  well  painted,  and,  when  not  in  ufe,  taken 
to  pieces  and  put  carefully  by,  I  flatter  myfclf  it  is  an  expe- 
riment well  worth  trial ;  particularly  if  a  premium  be  offered 
to  the  ffiip-owner,  who,  by  means  of  fuch  machine,  imports 

his  corn  pure  and  untainted  from  a  difiant  land. 

Objenhns 
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OhjeSllons  made  to  the  fuppofed  JLffeEl  of  the  Ventilator,  over- 
fuL'd,  it  is  hoped,  by  the  Conjiderations  which  follow  them* 

Firft,  The  holes  pierced  in  the  tin  tubes  which  are  to  lie 
under  the  corn,  feem  capable  of  ifluing  (cfpecially  if  an  eETort 
be  made  upon  them)  a  much  larger  quantity  of  air  than  the 
forcing-pump  will  fupply  in  a  given  time.  Confequcntly,  a 
given  quantity  of  thefe  holes,  under  a  given  preflure,  v.iil 
be  capable  of  ifluing  the  whole  fupply  of  air,  without  any 
afliftance  from  the  remainder. 

Secondly,  If  thefe  pofitions  are  juft,  it  muft  happen,  that 
if  a  cargo  of  corn  be  unequally  circumflanccd  in  relation  to 
its  permeability,  the  whole  of  the  air  difcharged  by  the  pump 
will  ifTue  through  the  more  permeable  parts  of  it,  without 
affecting,  in  any  degree,  the  lefs  permeable  ones. 

Thirdly,  In  cargoes  heated  in  any  degree,  and  in  thofe 
infedled  by  that  worm  which  faftens  grains  together  by.  a 
web,  the  parts  mod  ati'etSled  become  much  more  clofe  and 
denfely  packed  together  than  the  reft,  either  by  the  fwelling 
of  the  heated  grains,  or  by  the  web  and  dung  of  the  worms 
which  occupy  the  intervals  between  the  grains. 

If  fo,  the  parts  of  a  cargo  which  require  the  moft  ventila- 
tion will  receive  the  lead ;  but,  in  all  cafes,  it  feems  likely 
that  the  air  difcharged  will  not  regularly  permeate  the  whole 
of  the  cargo,  but  will  pafs  through  the  parts  where  the  grain 
lies  lighted,  and  leave  untouched  thofe  parts  where  it  is 
mod  clofely  packed  together. 

Anfwer  to  the  preceding  OhjeSlicns. 

Though  the  holes  appear  numerous,  they  mud  be  fmall, 
left  the  corn  gain  admilTion ;  and  many  (efpccially  of  the 
uppermoft)  will  be  nearly,  if  not  totally,  ftopped  by  the  pref- 
fure  of  the  grains  upon  them.  Befides,  the  pipes  which 
convey  the  air  towards  the  centre  are  not  meant  to  be  fo 
fully  perforated  as  thofe  at  and  beyond  it;  and  all  may  be 
ftill  lefs  fo,  if  in  pra6lice  found  neceffary.  But  as  th.e  quan- 
tity of  air  deliveu-J  by  the  forcing-pump  within  five  feconds 
7  uf 
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of  tune  is  equal  to  the  contents  of  fixty  *  feet  of  four-Inch 
pipe  within  the  firft  minute,  the  air  (notwithftanding  the 
manifold  perforations,  obftruiled  as  it  is  in  meandering 
through  a  mafs  fo  nearly  compacted  as  the  bottom  of  the 
cargo  muft  neceflarily  be  by  the  preflure  of  the  heap  above) 
will  undoubtedly  reach  to  the  end  of  the  pipes,  and  confe- 
quently  affeA  the  cargo  even  there. 

Be  it  farther  obferved,  that  the  flux  of  air  conipreired  into 
an  half-inch  ftrcam,  in  its  paflage  through  the  nofle,  to  en- 
able it  to  overcome  the  refiftance  of  the  fpiral  fpring  H,  no 
fooner  patTes  the  valve  E,  than  it  expands  itfelf  to  ihe  com- 
pafs  of  the  pipe ;  by  which  expanfion,  and  cxtenflon  (at  the 

*  Thus  calculated : 

Inches. 
60  feet  4 

X    li  inches  X    4 

Produces    720  inches  16  the  fEjuare  of  the  diameter  of  the 

as  a  multiplier.  X    j7Ss4  P'P^* 


=   12,5664  or  area  of  the  circle. 

X  720  length  of  the  pipe  in  inches. 

Which,  divided  by  231)9047,8080(39,1679  gallons  and  decimal  part:., 
^—  the  whole  capacity 

2117  of  60  feet  of  pipe, 

..3S8 


1S48 
221,  S)ic. 

Then,  a  fingle  difcharge  of  the  forcing-pump  being  eight  gallons,  tivc 
fach  difcharges  amount  to  40  gallons,  which  is  more  than  equal  to  the 
contents  of  6  feet  of  four-inch  pipe. 

And  as  on  the  larger  fcalc  of  ventilators  the  pipes  need  not  exceed  the 
fame  diameter,  the  power  of  the  air  injected,  when  its  cgrefs  is  ftopr,  will 
increafe  fufficiently  to  force  its  way  through  webs,  mats,  and  other  obftruc- 
tions,  though  impervious  to  the  atmofpheric  fluid,  unairifled  by  fuch  me- 
chanic aid. 

fame 
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fame  time)  forwards,  its  power  becomes  fo  weakened,  that 
fmall  cgrefs  only  will  be  made,  till  the  pipes  arc  filled  with 
a  fluid  more  denfc  than  atmofpheric  air,  which  will  then,  as 
is  juftly  noticed,  iflTue  where  it  finds  the  leaft  obflrudlion, 
unlefs  attracled  to  the  fpot  mod  heated. 

Many  circumftanccs  may  caufc  one  part  of  the  cargo  to  be 
lefs  permeable  than  the  red ;  fliould  it  prove  fo,  the  means 
readily  o(fer  for  airing  and  purifying  even  this. 

Suppofe  the  hatches  to  be  caulked  down,  and  the  hold 
made  impervious  to  water ;  in  fuch  cafe,  the  lapfe  of  air, 
under  the  obftruftions  met  with  in  its  paflage,  could  by  no 
means  keep  pace  with  the  inilux  from  the  forcing-pump; 
confequently,  if  the  holes  in  the  deck,  defigned  for  its  exit, 
be  kept  clofe-ftopped  till  the  pumper  feels  refinance,  all  the 
intervals  of  the  cargo,  be  they  ever  fo  minute  or  irregular, 
muft  be  occupied  by  freih  air,  which,  when  permitted  to 
efcape,  will  carry  off  impurities  with  it.  And  thus,  by 
flopping  and  opening  fuch  vents  repeatedly,  no  part  of  the 
cargo  could  mifs  of  purification,  and  this  perhaps  may  be 
the  bed  mode  of  adminidering  it. 

Prevention  is  better  than  a  cure. 

In  a  veffel  equipped  with  the  apparatus  defcribed,  the  In- 
attention mud  be  great,  if  the  corn  be  fuffered  to  fuftain  any 
injury  at  all.  By  an  early  ufe  of  it,  perfpiration  and  damps 
will  prefently  be  dried  away ;  heating  of  courfe  will  be  pre- 
vented J  and  even  the  produflion  of  the  pernicious  grub  al- 
luded to :  for,  be  the  nidus  of  its  eggs  ever  fo  productive, 
their  embryos  will  not  vivify,  without  moidiwe  to  fudam 
them.  Wherefore,  it  fhould  feem  that  the  corn-jnerchant 
in  future  will  have  little  to  fear,  fave  the  influx  of  fea- water ; 
and  even  this  (if  in  fmall  quantities)  will,  by  the  frequent  ufe 
of  the  ventilator,  gradually  dry  away. 
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INTELLIGENCE, 

AND 

MISCELLANEOUS   ARTICLES. 

KOYAL    SOCIETY    OF    LONDON. 

'N  the  30th  cf  November  kft,  the  anniverfary  meeting 
of  the  Society  was  held.  Sir  Godfrey  Copley's  gold  medal, 
which  is  difpofed  of  yearly  on  this  day  to  the  moll  deferving 
member,  was  awarded  to  the  Rev.  Mr.  Hellmgs. 

The  receipts  of  the  Society  for  the  year  were  declared  to 
have  been  1736/.  and  the  difburfements  1563  /. 

The  meetings  of  December  the  5th  and  12th  were  occu- 
pied principally  in  reading  the  conclufion  of  Dr.  Herfchel's 
paper  on  the  power  of  penetrating  into  fpace  by  means  of 
telefcopes.  According  to  the  Do6tor's  obfervations,  it  is 
impoflible  with  the  naked  eye  to  fee  any  ftar  fmaller  than 
thofe  of  the  8th,  9th,  or  icth  magnitude.  With  his  40  (cQt 
Tefle6lor  he  has  discovered  flars  which  muft  be  three  hun- 
dred thoufand  times  more  diftant  than  the  neareft  fixed  ftar. 
Where  are  the  bounds  of  creation  ! 

At  the  latter  meeting,  an  aburacl:  of  a  regifter  of  the  wea- 
ther at  Lyndon  in  Rutlandfhire,  kept  by  Mr.  Barker,  was 
read ;  as  was  alfo  a  paper  on  annuities,  refpetling  the  con- 
tingencies of  three  lives,  by  Mr.  Morgan. 

December  19th.  A  paper,  by  Mr.  Jordan,  on  the  irides 
furrounding  the  fun,  moon,  &c.  was  partly  gone  through, 
when  the  Society  adjourned  for  the  Chriftmas  holidays. 

January  9th,  the  conclufion  of  Mr.  Jordan's  paper  was 
read;  as  was  alfo  a  paper  by  Mr.  Anthony  Carlifle,  on 
fome  peculiarities  in  the  arterial  fyftem  of  certain  animals. 

On  the  1 6th  and  23d,  a  paper  on  found. 

COMET. 

C.  Lalande  has  announced  that,  on  the  26th  of  December 
laft,  his  fellow-labourer  Mechain  difcovered  a  comet  near 
the  ftar  5  of  Serpentarius,  which  could  be  diftlnguiftied  by 

the 
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the  naked  eye.     It  had  a  tail  of  a  degree,  and  was  proceed- 
ing in  a  fouthcrn  dire6lion. 

SUBSTITUTE    FOR    CINCHONA. 

C.  Zannetini,  a  phyfician  who  attended  the  French  army 
in  Italv,  has  made  fonic  experiments,  by  which  it  appears 
that  the  flowers  and  feeds  of  the  common  nettle  [Urtica  d'l- 
bUes  Linn.)  may  be  employed  in  fever  inftead  of  cinchona. 
This  fubftitute  was  attended  with  a  fuccefs  beyond  all  cx- 
pedation,  in  tertian  and  quartan  malignant  fevers.  The 
nettle  often  produces  a  fpeedier  efteft  than  bark,  for  it  heats 
in  a  2;reat  degree,  and,  when  the  dofe  is  pretty  ftrong,  occa- 
fions  a  lethargic  llccp.  The  dofe  nmft  never  exceed  a  dram, 
and  is  o-iven  in  wine  two  or  three  times  in  the  courfe  of 
24  hours.  Zannetini  found  this  medicine  of  great  fervice  to 
guard  againft  that  total  exhauftion  which  forms  the  principal 
charafter  of  malignant  fevers ;  and  he  recommends  a  flight 
infufion  of  it  in  wine  as  an  excellent  prefervative  for  thofe  who 
refide  in  marfliy  and  infalubrious  diftri6ls.  In  employing 
the  nettle  in  fever,  Zannetini  gives  the  fame  caution  as  ought 
to  be  obferved  in  regard  to  cinchona,  that  is,  that  it  muft  not 
be  employed  where  there  is  an  inclination  to  inflammation, 
or  where  a  continued  fever,  arifmgfrom  obllru£lions,  exifts. 
This  difcovery  is  not  unworthy  the  attention  of  phyficians, 
and  deferves  at  leaft  to  be  farther  invelligated,  as  a  great  deal 
would  be  faved  if  cinchona  could  be  entiriely  difpenfed  with.. 
CURE  roR  diseased  elms. 

C.  Boucher^  fecretary  to  the  Society  of  Emulation  at  Ab- 
beville, has  lately  publiflied  a  memoir  on  the  difeafes  which 
'attack  elms,  and  the  method  of  curing  them,  from  which 
the  following  is  an  extra6l : — "  Elms  are  frequently  attacked 
bv  ulcers,  which  at  length  deftroy  a  great  number  of  thefe 
valuable  trees.  Duhamel  fuppofed  that  this  malady  might 
be  afcribed  to  a  plethora  of  the  fap;  and  C.  Boucher,  by 
numerous  experiments,  has  eftabliflied  this  fact,  and  difco- 
vered  a  remedy.  He  obferved,  that  local  ulcers  never  attack 
the  tree  on  the  north  fide,  but  almofl;  always  on  that  expofed 
to  the  Ibuth.  The  elms  chiefly  fubjedl  to  it  are  thoie  planted 
in  marfliy  ground,  and  in  the  neighbourhood  of  rivers.  The 
xilcer  is  oenerallv  at  a  little  diflance  from  the  earth,  feldom 
.  3  F  3  more 
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more  than  five  or  fix  feet  above  it.  This  difeafe,  arifing  from 
a  fupcrabundaiice  of  fap,  difl'ers  from  another  difeafe  of  th« 
ehn  defcribed  in  the  Jourfial  d'HiJIoire  Naturelle  *  for  the 
year  1789,  in  this  circuniftance,  that  the  Hquor,  when 
expofed  to  the  atmofphere,  foon  acquires  the  confiftence  of 
a  gum,  and  has  a  very  faccharine  tafte. 

To  cure  the  trees  attacked,  C.  Boucher  pierced  each  of 
them  with  an  auger,  which  he  inferted  in  the  ulcer  ilfclf, 
and  then  fitted  to  the  hole  a  tube  which  penetrated  to  the 
depth  of  i*io  inches.  Sound  trees  pierced  in  this  manner 
yield  no  liquor;  but  thofe  which  are  difeafed  give  a  more 
abundant  quantity,  in  proportion  to  the  ferenity  of  the  wea- 
ther, and  as  the  wound  is  more  •  xpofed  to  the  fouth.  This 
effecl  is  fufpended  by  fi:ornjv  weather  and  high  wind.  He 
obferved  that  at  the  end  of  two  or  three  days  the  efflux  of  the 
fap  ceafed,  and  that  the  wound  dried  up  and  was  healed. 

This,  therefore,  is  a  fimple  and  eafy  niethod  of  radically 
curing  elms  attacked  with  this  difeafe.  It  is  probable  that 
the  fame  procefs  applied  to  other  vegetables,  and  particularly 
tofome  fruit-trees,  would  produce  a  like  efle(ft.  Pliny,  Co- 
lumella, and  Palladius,  mention  the  fame  means  as  having 
been  employed  by  the  ancients,  but  it  has  not  been  before 
pra6lifed  for  many  years. 

C.  Boucher  has  completed  his  obfervations  on  the  elm, 
and  proved  that  this  tree  is  not  an  exotic,  as  fome  authors 
have  advanced.  The  ftudy  of  the  ancients  has  proved  to  him 
that  it  exilted  in  Europe  in  the  remotefi  periods,  and  very 
evident  remains  of  it  have  been  found  in  old  molfes. 

The  analyfis  which  C.  Boucher  made  of  the  fap  of  the  elm 
fliewed  that  it  contains  a  pretty  large  quantity  of  the  acetite 
of  pot-afh,  a  little  of  the  acetite  of  lime,  a  certain  quantity  of 
vegetable  matter  or  faccharine  mucus,  and  a  pretty  large 
quantity  of  the  muriat  of  lime.  Tliere  exift  in  it,  alfo,  flight 
traces  of  the  fulphat  and  muriat  of  pot-aflj.  This  is  nearly 
the  fame  analyfis  as  that  before  announced  by  C.  Vauquelin. 

NEW    PNEUMATIC    APPARATUS. 

Mr.  H.  W.  Pepys  jun.  has  conftruclcd  a  mercurial  ex- 
haufter  on  the  principle  of  the  Torricellian  vacuum.     The 

*  No.  5  and  6. 

inventor 


'  I-hi/o  M.i.f.J'l.I  r.'l  V 


UtitpiiiTil  h\  J.I 


/•Mo  Ma.j  PI  l^ 


Fiq   J 


\  i 

/ 

'^1 

p 


f 


^ 


I 


Btiio.Miuf.  Vol.1  -.r/./i 


Aowry  lieioi  *ir  j-cuifi. 


I 


f 


n,/   ^faq.J'/.VI/I.Vo/.]- 


^'^  K AXE  AN 


A  F  H  I  C  A 


I.o,>rv  rrulp 


Deaths.  405 

inventor  has  proniifcd  to  enable  us  to  lay  the  jilan  of  the  ap- 
paratus, with  fonie  ofrflie  moll  intereftins;  of  thofe  experi- 
ments which  have  yet  been  made  v.ith  it,  before  our  readers 
in  a  future  number. 

DEATHS. 

On  the  19th  of  December,  C.  Montucla,  author  of  an  ex- 
cellent hiftory  of  the  mathematics.  Two  volumes  onlv  of 
the  new  edition  of  this  work  were  publiflied  before  the  au- 
thor's death,  but  fortunately  all  his  corrections  for  the  rt:- 
mainder  were  finiflied. 

At  Paris,  on  the  ift  of  January,  the  celebrated  naturalift 
Daubenton,  the  friend  and  fellow-labourer  of  Bufibn.  He 
was  born  at  Montbard  in  Burgundy  in  the  month  of  May 
1 716.  He  ftudied  medieme,  and  intended  to  follow  that 
profeffion  in  his  own  country ;  but  Fuffbn,  being  appointed 
intendant  of  the  king's  garden  in'  1735,  propofed  to  Dau- 
benton  to  refide  with  him,  to  apply  to  natural  hiflorv,  and 
to  affift  him  in  the  grand  labours  which  he  was  then  about 
to  undertake.  In  1740  the  fate  and  tafte  of  Daubenton  were 
determined  for  his  whole  life.  More  than  half  a  century  de- 
voted to  the  formation  of  the  cabinet  of  natural  hiftorv,  which 
in  1750  was  only  a  plain  drug-fliop  belonging  to  (ieoffroy, 
which  he  arranged  methodically  and  enriched  with  produc- 
tions of  every  kind,  has  given  him  a  diftinguiihed  rank 
among  naturalifts.  Being  admitted  into  the  Academy  of 
Sciences  in  1744,  he  never  ceafcd  to  enrich  the  colleclion  of 
its  memoirs  with  various  papers  for  nearly  fifty  years.  The 
greater  part  of  them  contain  new  faCts  and  ideas  refpe6ling 
the  clalTjfication  of  (hells,  on  the  hippopotamus,  the  (hrew- 
nioufe,  bats,  fofiil  bones  and  teeth,  the  fituation  of  the 
great  occipital  foramen  in  man  and  animals,  nmiination 
and  the  temperament  of  (lieep,  a  defcription  of  fcveral  kinds 
of  new  animah",  or  animals  little  known.  He  was  interred 
with  great  pomp  on  the  3d  of  January  in  the  garden  of  plants. 
His  funeral  was  attended  by  more  than  500  pcrlons,  and  two 
orations  were  pronounced  on  the  occaliou  by  C.  Lacepede 
and  C,  Fourcroy. 
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